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Ac : acetyl
Bn : benzyl
borsm : based on recovered starting material
Bu : butyl
calcd. : calculated
cAMP : 3',5'-cyclic adenosine monophosphate
c.c. : column chromatography
COSY : correlation spectroscopy
Cy : cyclohexyl
dba : dibenzylideneacetone
DIPEA : N,N-diisopropylethylamine
DMF : N,N-dimethylformamide
DMSO : dimethyl sulfoxide
EC50 : 50% effective concentration
EDCI : 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EIMS : electron ionization mass spectroscopy
Et : ethyl
FCS : fetal calf serum
GPC : gel permeation chromatography
HATU : O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
HMBC : heteronuclear multiple bond correlation
HMPA : N,N,N',N',N'',N''-hexamethylphosphoric triamide
HMQC : heteronuclear multiple quantum coherence
HPLC : high performance liquid chromatography
HR : high resolution
IC50 : 50% inhibitory concentration
Me : methyl
NMR : nuclear magnetic resonance
ODS : octadecylsilyl silica gel
RP : reverse phase
rt : room temperature
SD : standard deviation
SEM : 2-(trimethylsilyl)ethoxymethyl
TBAF : tetra-n-butylammonium fluoride
THF : tetrahydrofuran
TLC : thin layer chromatography
TMS : tetramethylsilane
Ts : p-toluenesulfonyl
UV : ultraviolet
WL : wave length
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Figure 1. Life cycle of cellular slime mold Dictyostelium discoideum.
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??????????????????????????????????? (Figure 
2)?Discadenine (1)2 ???????????????????????????????
????????????Glorin (2)3 ??????? Polysphondylium violaceum ?????
???????????????????????????DIF-1 (3)4 ????????
????????????????????????????????????AB0022A 
(4)5 ????????????????DIF-1 (3)4 ??????????????????
????????????????????????????????????????
????????????????????
???????????????????????????????????????
Dictyostelium ??????? Polysphondylium ????????????????????
?????????????????????????????Dictyostelium ??????
??? dictyopyrone A~D (5~8)6,  D. medium ?? dictyomedin A (9), B (10)7, D. discoideum ??
furanodictine A (11), B (12)8,  D. purpureum, D. discoideum ?????? dictyoglucosamine A 
(13), B (14)9, D. brefeldianum ????D. giganteum ?? brefelamide (15)10, D. mucoroides ??
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Figure 2. Known compounds isolated from cellular slime molds.
Discadenine (1) Glorin (2)
DIF-1 (3)  AB0022A  (4)
4-methyl-5-pentylresorcinol (16)11 ??????????????????? (Figure 3)????
Polysphondylium ?????????? P. filamentosum ???Pf-1 (17)12, P. pseudo-candidum 
?? Ppc-1 (18)13 ???????????? (Figure 4)????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????????
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Figure 3. Secondary metabolites of Dictyostelium cellular slime molds.
Brefelamide (15)
34
6
1'
Dictyoglucosamine A (13)
Dictyomedin A (9)
4-Methyl-5-pentylresorcinol (16)
1'
Dictyopyrone A (5) 12'
12'
14'
14'
Figure 4. Secondary metabolites of Polysphondylium cellular slime molds.
Ppc-1 (18)Pf-1 (17)
: R =
: R =
: R =
: R =
2
B (6)
C (7)
D (8)
Dictyoglucosamine B (14)
: R = OMe
: R = OHDictyomedin B (10)
: R = CH3CH2
: R = (CH3)2CHCH2
Furanodictine A (11): 2R
Furanodictine B (12): 2S
????????????????????????Acytostelium (?????????)?
Dictyostelium (????????)?Polysphondylium (??????????)?? 3 ????
??? (Figure 5).14 ?????????Acytostelium ?????????????????
?????????????Dictyostelium? ????????????????????
?????????????Polysphondylium ??????????????????
????????????????????? 90 ?????????????????
Dictyostelium ????????????????????
?????????????????????????????? Dictyostelium ????
????????????????????????????????????????
???????????????? Dictyostelium ??????????????????
????????????????????????????????????????
??????????????????????????????? Polysphondylium 
filamentosum ?? 1???Polysphondylium?pseudo-candidum ???2????????????
???????12, 13 
?????????????????????????????Polysphondylium ?? 1 ?
???????? Polysphondylium tenuissimum ???????????????????
??????????????????????????????????? Pt-1~5
(19~23) ??????(Figure 6)???1??????????????????????
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Figure 5. Taxonomy of cellular slime molds.
Dictyosteliales (????????)
Dictyosteliaceae
(????????)
Acytosteliaceae
(?????????)
Acytostelium
(?????????)
Dictyostelium
(????????)
Polysphondylium
(??????????)
????Polysphondylium ?????????????????????????????
?? Ppc-1 (18), Pt-1 (19), Pt-3~5 (21~23) ??????????2??????????????
Ppc-1 (18), Pt-1~5 (19~23)???????????????????
??????????????????? cAMP ? differentiation-inducing-factors (DIFs) ?
??????????????.15??????????? DIFs ??? D. discoideum ???
??? DIF-1 (3), DIF-2 (24), DIF-3 (25) ??????????? (Figure 7). DIF-1 (3) ? 
EC50 ? 0.18 nM ? DIFs ??????????,16???????????????????
?????????????????????????,17 ??????????????
??????????DIF-2 (24) ??????????? DIFs ???? 2 ??????
????????????????????????????????????????
????????.18 DIF-3 (25) ? DIF-1 (3) ?????? 1 ??????????????
?????????? DIF-1 (3) ?? 4% ???????????? DIF-1 ??????
???????DIF-1 (3) ???????????????????????????
???.16
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Figure 6. Compounds from Polysphondylium tenuissimum.
Pt-1 (19) Pt-2 (20) Pt-3 (21)
Pt-4 (22) Pt-5 (23)
????DIF-1 (3) ??????????????????differanisole A (26) ?????
?? (Figure 8).19 Differanisole A (26) ??????????? B8 ???????????
???(?????????) ???????????????????????????
Chaetomium sp. (RB001) ????????
?DIF-1 (3) ??differanisole A (26) ?????????????????????????
??????????????????????D. discoideum ????????????
cAMP ???????????????? DIFs ??????? 90% ?????????
?????????DIF ????????????? D. discoideum HM44 ???????
?????????????????? DIF-1 (3) ?????????????????
??????????.20 ?????????????????????????????
??? (DIF ???) ???????????????????????? differanisol A 
(21) ? DIF ???????????0.01~1 mM??????????????????
??EC50 ???? 0.1 mM ????.21 ????DIF-1 (3) ? B8 ???????? K562 ?
??????????????B8 ????????6.5 µM????K562 ????????20 
µM ?????????????????????????????????.22 ????
??????DIF-3 (25) ?????????????????????????????
??????????????? DIF-1 (3) ??????????????.23 
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DIF-1 (3) DIF-3 (25)
Figure 7?Structures of differentiation inducing factors.
Figure 8?Structure of differanisole A (26).
DIF-2 (24)
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????DIF-1 (3) ? differanisol A (26) ??????????????????
???????????????????????????
????????????????????????????????????????
???????????DIF-1 (3) ??????????????13, 24 ??????DIF-1 (3) 
????????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????DIF-1 (3) ??????????????????????????????
???????????????(Figure 9)?
??????DIF-1 (3) ???????????????????DIF-1 (3) ? 3T3-L1 ??
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Figure 9?Structures of DIF-1 derivatives.
DIF-1 (3)
27 28
29 30
31 32
????????????????????????????????????????
????????.25 ??????DIF-1 (3)?????????????????????
??????????????????KK-Ay ??????????????????
???????????????26
????????? DIF-1 (3) ??????????????????????????
????? DIF-1 (3) ??????????????????????????????
????????????????????????????????????????
???????????????????????????????? (Figure 10).27 ??
????????3???????
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Figure 10?Structures of novel DIF-1 derivatives.
33 34, 35 (n=1, 2) 36~40 (n=1~5)
n n
? 1 ??Polysphondylium tenuissimum ?????????
? 1 ??Pt-1~5 ???
?????? Polysphondylium tenuissimum ??? 15 cm ???????? 1255 ????
???????????????? (?????73.60 g)???????????????
?????? (18.15 g) ???????????????????????? (5.49 g) ??
????????????????????????? ODS ????????????
???????????Pt-1 (19) (1.8 mg), Pt-2 (20) (9.7 mg), Pt-3 (21) (0.8 mg), Pt-4 (22)
(2.6 mg) ????Pt-5 (23) (4.7 mg) ??????? (Figure 11)?
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EtOAc solubles (5.49 g)
hexane-EtOAc
(19:1)
ODS c.c.
H2O-MeCN
(3:7)
P. tenuissimum  fruiting body (dry weight 73.60 g)
extracted with MeOH
concentrated in vacuo
MeOH ext. (18.15 g)
partitioned with EtOAc-H2O
Pt-4 (22)
(2.6 mg)
Pt-5 (23)
(4.7 mg)
SiO2 c.c.
hexane-EtOAc
(99:1-49:1)
SiO2 c.c.
hexane-EtOAc
(99:1-9:1)
SiO2 c.c.
hexane-EtOAc
(19:1)
SiO2 c.c.
hexane-CHCl3
(4:1-1:1)
ODS c.c.
H2O-MeCN
(3:7-1:9)
SiO2 c.c.
hexane-CHCl3
(1:1)
SiO2 c.c.
hexane-Toluene
(1:1-0:1)
hexane-EtOAc
(9:1-4:1)
SiO2 c.c.
CHCl3-MeOH
(49:1-19:1)
EtOAc
ODS c.c.
H2O-MeCN
(1:1-1:4)
CHCl3-MeOH
(99:1)
SiO2 c.c.
SiO2 c.c.
CHCl3-MeOH
(49:1-19:1)
Pt-3 (21)
(0.8 mg)
Pt-1 (19)
(1.8 mg)
Pt-2 (20)
(9.7 mg)
SiO2 c.c.
CHCl3-MeOH
(49:1-19:1)
SiO2 c.c.
EtOAc
CHCl3-MeOH
(99:1)
EtOAc-MeOH
(1:1)
Figure 11. Isolation procedure of Pt-1~5 (19~23).
ODS c.c.
H2O-MeCN
(3:7-1:9)
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? 2 ??Pt-1 ?????
?Pt-1 (19) ???????????????HREIMS ?? m/z 332.1835 ????????
?????????? C17H24N4O3 ?????????1H NMR??13C NMR??HMQC ???
?????7 ?? 4 ? sp2  ???2 ????? sp2  ???1 ??????????????
??2 ?????????2??????????????????3 ?????????
?????????????1H NMR ???? δ 8.08 ????????????????
?????????????????????????????????????
????1H-1H COSY ?????????C-1' ? C-2' ?????? C-4' ?? C-6' ????
??????? (Figure 12)?????HMBC ??????????C-2', 3', 4' ?? H-9' ?
????????C-6', 7', 8' ?? H-10' ??????????????????????
(Figure 12)?
?Pt-1 (19) ????????2 ????????????????? C5HN4O3 ????
???? 5 ??????????? 4 ?????13C NMR ????????? (δ 152.6, 
151.8, 149.7, 137.1, 99.7) ????????????????????????? 5 ???
???? 4 ???????????????????????????????????
???????? C-8 ?????????????????????????????
Pt-1 (19) ? 13C NMR ???28 ?????????????C-5 ?? 2.6 ppm ??????
?????????????? 1 ppm ???????????????  (Table 1)?
????Pt-1 (19) ????????? 2 ????????????????????
????????????
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Figure 12. Partial structures of Pt-1 (19).
HMBC
1H-1H COSY
?2
1'
2'
3'
4'
5'
6'
7'
8'
9' 10'
Table 1. 13C NMR spectral data of Pt-1 (19)a and uric acid28.
positions Pt-1 (ppm) Uric acid (ppm) Δ[(Pt-1)-(uric acid)]
 2 149.7 150.1 -0.4
4 137.1 136.6 0.5
5 99.7 97.1 2.6
6 152.6 153.4 -0.8
8 151.8 152.6 -0.8
a150 MHz in CDCl3.
?????HMBC ?????????  C-5 ??? C-8 ?? N-7 ???????????
???C-8 ??? C-4 ???????? H-1' ?????C-4 ??? C-2 ?? N-3 ????
??????????????????????Pt-1 (19) ? 3, 7 ???????9 ???
???????????????????????? (Figure 13) ?
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Figure 13. Structure of Pt-1 (19).
2 4
8
5 7
93
HMBC
61
1'
2'
3'
4'
5'
6'
7'
8'
9' 10'
Table 2. 1H and 13C NMR spectral data of Pt-1 (19).a
             positions???              13C (ppm)                                 1H (ppm)
2 149.7
4 137.1
5 99.7
6 152.6
8 151.8
 1' 41.8 4.66 (2H, d, J  = 6.0 Hz)
2' 119.4 5.10 (1H, m)
3' 140.7
4' 39.2 2.03 (2H, t, J  = 7.2 Hz)
5' 26.1 2.07 (2H, q, J  = 7.2 Hz)
6' 123.3 5.00 (1H, m)
7' 132.3
8' 25.7 1.64 (3H, d, J  = 1.0 Hz)
9' 16.7 1.72 (3H, d, J  = 1.0 Hz)
10' 17.7 1.56 (3H, s)
1-NH 8.08 (1H, br.s)
3-NMe 30.5 3.61 (3H, s)
7-NMe 29.3 3.56 (3H, s)
a600 MHz for 1H NMR and 150 MHz for 13C NMR in CDCl3.
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? 3 ??Pt-2 ?????
?Pt-2 (20) ???????????????HREIMS ?? m/z 318.1688 ????????
?????????? C16H22N4O3 ?????????1H NMR, 13C NMR ?????? 
Pt-1 (19) ????????????????????1H NMR ???? 2 ???????
??????????? (δ 3.61, 3.56) ? 1 ???? (δ 3.68)????????? 1 ???
???????? (δ 8.08) ? 2 ???????? (δ 13.40, 13.29)??????Pt-2 (20) ?
????? 1 ???????????????????????????????
????HMBC ????????C-4 ??????????????? H-1' ?????
????????????N-3 ? N-9 ???????????????????????
??????????????????????C-2 ??? C-8 ???????????
??????? (δ 153.2, 151.5) ?????????????????????? H-1' ??
????????????????????????????????????C-2 ??
? C-8 ?????????????????????????????????????
?????????????????????????????? Pt-2 (20) ????
Figure 14 ??? A ??? B ??????????????????????????
??????N-3 ??? N-9 ???????????????????? Pt-1 (19) ? N-7 
???????????HMBC ??????????C-5 (δ 99.7) ??? C-8 (δ 151.8) ?
?????????????? C-5 ????????????????????????
????????????????????????????????? N-7 ?????
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A B
Figure 14. Presumed structures of Pt-2 (20).
1'
1'
HMBC
4 93
5
6
7
8
2
1
4 93
5
6
7
8
2
1
????????HMBC ????????????Pt-1 (19) ????? C-8 ???????
???????????????????? Pt-2 (20) ? N-7 ????????????
??????? HMBC ??????????? C-8 ??????????????C-2 
??? C-8 ????????????????????? H-1' ???????????
????????????????????
?DMF ??????????????29 ??? Pt-2 (20) ??????????????
??????? 2 ???????? 41 ??? (Scheme 1)??????????????
???????? HMBC ??????????N-7 ??????????????????
C-8 ?????????????????C-8 ???????? H-1' ?????C-2 ??
? C-6 ?? N-1 ????????????????????????? 41 ? 1, 3, 7 ??
?????9 ??????????????????????
???? Pt-2 (20) ???? 9 ?????????????????????????Pt-2 
(20) ???? Figure 15 ?????????
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Figure 15. Structure of Pt-2 (20).
 Pt-2 (20)
MeI, K2CO3
DMF, rt
Scheme 1. Methylation of Pt-2 (20).
4 93
5
6
7
8
2
1
41
HMBC
1'
2'
3'
4'
5'
6'
7'
8'
9' 10'
Table 3. 1H and 13C NMR spectral data of Pt-2 (20).a
             positions                           13C (ppm)                               1H (ppm)
2 151.5
4 137.6
5 99.8
6 154.4
8 153.2
1' 41.2 4.82 (2H, d, J  = 5.7 Hz)
2' 121.4 5.38 (1H, m)
3' 139.5
4' 39.4 2.05 (2H, t, J  = 7.0 Hz)
5' 26.4 2.11 (2H, q, J  = 7.0 Hz)
6' 124.3 5.10 (1H, m)
7' 131.8
8' 25.7 1.63 (3H, d, J  = 0.8 Hz)
9' 16.4 1.71 (3H, d, J  = 1.0 Hz)
10' 17.7 1.52 (3H, s)
3-NMe 30.0 3.68 (3H, s)
1-NH 13.40 (1H, br.s)b
9-NH 13.29 (1H, br.s)b
a600 MHz for 1H NMR and 150 MHz for 13C NMR in pyridine-d5.
bAssignments are interchangeable.
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? 4 ??Pt-3 ?????
?Pt-3 (21) ???????????????HREIMS ?? m/z 241.1091 ????????
?????????? C15H15NO2 ?????????1H NMR?13C NMR?HMQC ??
??????1 ??????????5 ?? 4 ? sp2  ???6 ????? sp2  ???1 ??
???????2 ???????????????????
????1H-1H COSY ?????????C-1' ? C-2' ???????????????
HMBC ??????????C-2' ?? H-4' ??? H-5' ????????C-3' ?? H-4' 
??? H-5' ??????????????????????? (Figure 16)?
????1H-1H COSY ?????????C-3 ? C-4 ??????? C-5 ?? C-7 ???
???????? (Figure 16)????HMBC ????????? C-4a ???H-3 ???
H-6 ????????? C-5 ?? H-4 ???????C-4, 4a, 5 ????????????
????C-8 ?? H-6 ??? H-7 ???????C-8a ??H-4, 5, 7 ???????C-4a, 
8a, 8, 7?????????????? C-2 ?? H-4 ?????? C-2 ? C-3 ??????
????? (Figure 16)???????? H-3 ??? H-4 (δ 8.39, 8.26) ?????????
??????????? (δ 7.27) ?????????????????????????
?????????????????2,8-????????????????? (Figure 
16)?????Pt-3 (21) ?????????? 2,8-??????????????? 
(CHO2) ??13C NMR ???????? (δ 164.3) ??????????????????
(Figure 16)?
???? HMBC ????????? C-7, 8, 8a ???????? H-1' ???????8 ?
?????????????????????????????????? 2 ?????
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Figure 16. Partial structures of Pt-3 (21).
HMBC
1H-1H COSY
2
6
4
8
5
7
34a
8a
1'
2'
3'
4'
5'
???????????????Pt-3 (21) ???? Figure 17 ?????????
??????????????????????Pt-3 (21) ? 8 ????????????
????????????? 8-ethylquinoline-2-carboxylic acid (42)30 ???????? 13C 
NMR ????????????????????????? C-8 ????????? 2.5 
ppm ??????????????????????????????????????
????????? (Table 4)?
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Figure 17. Structures of Pt-3 (21) (left) and 8-ethylquinoline-2-carboxylic acid (42) (right).
1'
8
7 8a 2
6
45
34a
3'
2'
4' 5'
1
Table 4. 1H and 13C NMR spectral data  of Pt-3 (21)a and 8-ethylquinoline-2-carboxylic acid (42)30.
Pt-3 (21) 8-Ethylquinoline-2-carboxylic acid (42)
                    13C (ppm)                  1H (ppm)                                   13C (ppm)             Δ[21-42] 
2 144.7 144.7 0.0
3 118.8 8.26 (1H, d, J  = 8.3 Hz) 118.8 0.0
4 139.4 8.39 (1H, d, J  = 8.3 Hz) 139.4 0.0
4a 130.3 130.2 0.1
5 126.0 7.78 (1H, dd, J  = 1.2, 8.1 Hz) 125.9 0.1
 6 129.2 7.62 (1H, dd, J  = 7.1, 8.1 Hz) 129.3 -0.1
7 130.2 7.65 (1H, dd, J  = 1.2, 7.1 Hz) 129.5 0.7
8 140.5 143.0 -2.5
8a 144.4 144.3 0.1
1' 30.1 3.97 (2H, d, J  = 7.2 Hz) 24.4                      
2' 122.2 5.41 (1H, m) 14.8
3' 133.4
4' 25.7 1.76 (3H, br.s)
5' 17.9 1.80 (3H, br.s)
2-COOH 164.3 164.5 -0.2
 a600 MHz for 1H NMR and 150 MHz for 13C NMR in CDCl3.
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? 5 ??Pt-4 ?????
?Pt-4 (22) ????????????????HREIMS ?? m/z 278.1498 ???????
??????????? C16H22O4 ?????????1H NMR??13C NMR??HMQC ???
?????1 ?????????????5 ?? 4 ? sp2  ???3 ????? sp2  ???
1 ????????????2 ?????????1 ?????????3 ???????
????????????
??????1H NMR ???????????????????? 2 ???????
[δ 6.05 (1H, d, J  = 2.4 Hz), 5.92 (1H, d, J  = 2.4 Hz)] ???????????1,2,3,5-???
???????????? (Figure 18)??????????????? (δ 14.09, 1H, s) 
?????????????????????????????
????1H-1H COSY ?????????C-2 ?? C-4 ???????????HMBC
????????? C-1 ?? H-2 ????????????????????????? 
(Figure 18)????1H-1H COSY ?????C-1'' ?? C-2'' ??????HMBC ??????
??? C-2'' ?? H-4'' ??? H-5'' ????????C-3'' ?? H-4'' ??? H-5'' ?????
??????????????????????????? (Figure 18)????????
?? 1,2,3,5-??????????????????????????????????
??????????????????
???? HMBC ??????????C-1', C-2', C-3' ???????????????
???????? (Figure 19)?????? C-1', C-2' ?????????????????
???????????????13C NMR ?????????????? δ 105.7, 167.6
20
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Figure 18. Partial structures of Pt-4 (22).
HMBC
1H-1H COSY2 31 1''
2''
3''
4''
5''
4
????????????? C-2' ????????????????????????
???????????????????????????? C-1' ?????????
?????????????? (Figure 19)??? HMBC ??????????C-4' ??
????????? H-1'' ???????C-6' ??????????????????
????Pt-4 (22) ? 1' ????????2' ??????4' ??????????????
6' ?????????????????????????????. 
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Figure 19. Structure of Pt-4 (22).
1''
1'
6'
3'
2'
4'
HMBC
2
31
4
5'2''4''
5''
3''
Table 5. 1H and 13C NMR spectral data of Pt-4 (22).a
             positions                   13C (ppm)                                 1H (ppm)
1 205.8
2 46.1 2.94 (2H, t, J  = 7.4 Hz)
3 18.1 1.67 (2H, sext, J  = 7.4 Hz)
4 14.0 0.96 (3H, t, J  = 7.4 Hz)
1' 105.7
2' 167.6
3' 94.2 6.05 (1H, d, J  = 2.4 Hz)
4' 165.0
5' 91.3 5.92 (1H, d, J  = 2.4 Hz)
6' 162.7
1'' 65.0 4.50 (2H, d, J  = 6.8 Hz)
2'' 118.7 5.45 (1H, m)
3'' 139.3
4'' 25.8 1.78 (3H, s)
5'' 18.2 1.72 (3H, s)
2'-OH 14.09 (1H, s)
6'-OMe 55.5 3.82 (3H, s)
 a600 MHz for 1H NMR and 150 MHz for 13C NMR in CDCl3.
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? 6 ??Pt-5 ?????
?Pt-5 (23) ????????????????HREIMS ?? m/z 366.1597 ???????
???????LREIMS ?? m/z 366, 368 ??????????3:1????1 ??????
??????????????????????????????? C20H27ClO4 ???
???????1H NMR?13C NMR?HMQC ????????1 ???????????
??7 ?? 4 ? sp2  ?? ?3 ????? sp2  ???1 ????????????4 ????
?????4 ???????????????????
????1H NMR ???? δ 6.13 ??????13C NMR ???? 5 ?? 4 ? sp2 ????
??? (δ 162.0, 160.9, 157.5, 106.3, 99.9) ??? 1 ????? sp2 ??????? (δ 91.0)
?? 5 ??????????????? (Figure 20)?????1H NMR ???? δ 14.83 ?
?????????????????????????????δ 6.14 ????????
?????????????????????? (Figure 20)?
????1H-1H COSY ??? HMBC ??????????????Pt-1 (19) ??????
?????????????? Pt-4 (22) ???????????????????? 
(Figure 20)?????Pt-5 (23) ????????????????2 ??????1 ??
?????????????????????????????????????
?HMBC ??????????C-1', C-2', C-3' ???????????????????
????????????? (Figure 21)?????? C-1', C-2', C-3' ?????????
????????????????????????????????3 ???????
13C NMR ?????????????????????????? C-2' (δ 162.0) ???
??????C-2' ?????????????????????????????????
23
?2
HMBC
1H-1H COSY
Figure 20. Partial structures of  Pt-5 (23).
1''
2''
3''
4''
5''
6''
7''
8''
9'' 10''
2
3
4
1
???????C-2' ???????????????????????????C-1' ??
?????????????????? HMBC ????????? H-5' ?? C-1', 3', 4', 6' 
???????????C-5' ???????????????????????????
????????????????C-4' ??? C-6' ??????????? 4 ? sp2 ?? 
(δ 160.9, 157.5) ???????????????????????????????
??? C-3' ??????????????????(Figure 21)?
????HMBC ??????????C-4' ??? C-6' ????????????????
????????????? H-1'' ????????????????????????
????C-4' ??? C-6' ?????????????????????????????
???????????????????????????Pt-5 (23) ???? Figure 22 ?
?? 23a ??? 23b ??????????????????????????
 ??????????????????????C-1', C-4'???????????????
? Pt-5 (23) ???????????????????23a???????????????
????????????????????????????????????????
???????????????????23b????????????????????
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Figure 22. Presumed structures of  Pt-5 (23).
Figure 21. Partial structures of  Pt-5 (23).
6'4'1''
23a
1''6'4'
23b
HMBC
1'
2'
3'
6'4'
HMBC
????????????????????????????? Pt-5 (23) ???????
????????????????????????????????????????
????????????????3???????????????DIF-1 (3)????????
????????????????????????????????????????
???????????????????????????????????????? 
DMF ????????????????? 2 ???????????????????
?????????????Pd(OH)2 ??????????????????????
????????????????????????????????43  ???
(Scheme 2)?
 ???????? 43 ??2 ????????(δC: 55.7, 55.3, δH: 3.79, 3.78) ? NMR ????
?????????23a ???????????????????????????Pt-5
(23) ???? Figure 23??????????
25
 Pt-5 (23)
i) MeI, K2CO3, DMF, rt
Scheme 2. Methylation and catalytic reduction of Pt-5 (23).
ii) H2, Pd(OH)2/C, MeOH
Figure 23. Structure of Pt-5 (23).
43
1'
2'
3'
4'
5'
6'
2
3
1 4
1''
2'' 3''
4''
5''
6'' 7''
8''
9''
10''
Table 6. 1H and 13C NMR spectral data of Pt-5 (23).a
             positions                   13C (ppm)                                 1H (ppm)
1 206.3
2 46.4 2.99 (2H, t, J  = 7.4 Hz)
3 18.3 1.68 (2H, sext, J  = 7.4 Hz)
4 13.9 0.97 (3H, t, J = 7.4 Hz) 
1' 106.3b
2' 162.0  
3' 99.9b
 4' 157.5
5' 91.0 6.13 (1H, s)
 6' 160.9
1'' 65.9 4.58 (2H, d, J  = 6.7 Hz)
2'' 117.9 5.50 (1H, m)
3'' 142.7
4'' 39.5 2.08-2.16 (2H, m)
5'' 26.2 2.08-2.16 (2H, m)
6'' 123.5 5.09 (1H, m)
7'' 132.1
8'' 25.6 1.68 (3H, s)
9'' 16.7 1.75 (3H, s)
10'' 17.7 1.61 (3H, s)
2'-OH 14.83 (1H, s)
4'-OH 6.14 (1H, br.s)
 a600 MHz for 1H NMR and 150 MHz for 13C NMR in CDCl3.
 bAssignments are interchangeable.
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? 7 ????
?????????? Polysphondylium tenuissimum ??????? Pt-1~5 (19~23) ???
????????????????????????????????????????
????????????????????????????????????????
??????discadenine (1)2 ????????????????????????????
????????????????????????(Figure 24)?
????Pt-1 (19) ??? Pt-2 (20) ??? (44) ????????in vitro ????????? 
(44) ??????????????????????????????????????
?????????29 ??????? (44) ?????????????????????
Pt-1 (19) ??? Pt-2 (20) ???????????????????
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Figure 25. Uric acid (44) and Pt-1 (19) and Pt-2 (20).
Uric acid (44)
Pt-2 (20)Pt-1 (19)
Pt-4 (22)
Pt-1 (19) Pt-2 (20)
Pt-3 (21) Pt-5 (23)
Discadenine (1)
Figure 24. Discadenine (1) and Pt-1~5 (19~23).
?????
?????
?????
?????
????Pt-3 (21) ??quinaldic acid (45) ? 8 ???????????????????
Quinaldic acid (45) ? tryptophan (46) ??????????????-??????????
??? kynurenin (47) ?? quinurenic acid (48) ??????????????????.31 
Pt-3 (21) ??? quinaldic acid (45) ????????????????????????
?? (Figure 26)???????????????????????????brefelamide (15)10  
? kynurenin (47) ???Ppc-1 (18)13 ? quinurenic acid (48) ???????????????
???????????????? tryptophan (46) ?????????????????
??????????? (Figure 26)?
?Pt-4 (22) ??? Pt-5 (23) ????????????????????????????
???? DIF-1 (3) ????????DIF-1 (3) ??????????49????????50 ?
???????????????????????????????.1 ????????
???????????Pt-4 (22) ??? Pt-5 (23) ????????????? 4 ? DIF ?
?????????????????(Figure 27)???????????? DIF-1 (3) ? 
DIF-3 (25) ?????????????????????????????????.22, 23 
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Figure 26. Plausible biosynthesis of Pt-3 (21), Ppc-1 (18) and brefelamide (15).
Pt-3 (21)
Tryptophan (46) Kynurenin (47)
Quinurenic acid (48)
Brefelamide (15)
Ppc-1 (18)
quinaldic acid (45)
??????DIF-3 (25) ????????? 1 ????? Pt-5 (23) ???????????
?????????????????(Figure 27)?
???????????????????????????????????????? 
rRNA ???????????????????????????32 ???????????
Parvisporids, Heterostelids, Rhizostelids ??? Dictyostelids ??4??????????????
????????????? Dictyostelium ???????????? Parvisporids ???
???Acytostelium ??????? Polysphondylium ??????? Dictyostelium ?? 
Heterostelids ??Dictyostelium ???????????????? Rhizostelids ??
P. violaceum ???? Dictyostelium ???????? Dictyostelids ???????????
???????????????????????20?????????????????
? Dictyostelids ??????????????????? Heterostelids ????????
??5 ??Parvisporids ? Rhizostelids ????????????? 1 ???????
(Figure 28)?
29
50 DIF-1 (3)
Figure 27. Plausible biosynthesis of Pt-4 (22) and Pt-5 (23).
Pt-4 (22)
49
51 52 53
Biosynthesis of DIF-1 (3)
Pt-5 (23)
???????????????????DIF?????????????Dictyostelids ?
????????????????????? 6 ? DIF ?????Heterostelids ???
???????????????????  4 ?  DIF ??????????????
????(Figure 29).
??????? Dictyostelids ??Heterostelids ???????????DIF?????????
????????????????????????????????????????
?????????????????????
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DIF-1 (3)AB0022A  (4)
Pt-5 (23)Pf-1 (17) 
Figure 29. DIF derivatives from cellular slime molds.
DIF-3 (25)
Pt-4 (22)
Figure 28. Proposed taxa of cellular slime molds.
Dictyostelids: D. discoidium
D. purpreum
D. brefeldianum
D. implicatam
D. mucuroides
D. giganteum
P. violaceum
D. brummeum
D. clavatum
D. firmibasis
D. longosporum
D. rosarium
D. medium
Rhizostelids: D. rhizopodium
Parvispoids: D. aureo-stipes
Heterostelids: P. tenuissimum
P. puedo-candidum
P. filamentosum
P. pallidum
A. anastomosans
Isolated from Dictyostelids celler slime molds
from D. purpureum from D. discoideum
from P. filamentosum from P. tenuissimum
Isolated from Heterostelids celler slime molds
? 2 ??Polysphondylium ???????????????????????
??
?? 1 ?????? Pt-1~5 (19~23) ??Pt-2 (20) ???? 5 mg ????????????
???????????????????????Pt-1 (19), Pt-3~5 (21~23) ???????
???????????????? Polysphondylium psudo-candidum ?????????
???????Ppc-1 (18)13 ??Pt-3, 4 (21, 22) ?????????????????????
???????????????????
? 1 ??Ppc-1 ???
?Ppc-1 (18) ????2, 4 ???  8 ?????????????????????  
Psudomonas fluorescens ??  quinolobactin (54) ????????? 3 3  Ppc-1 (18) ?
quinolobactin (54) ? 2 ???????????8 ????????????????
??????????????????? quinolobactin (54) ????34???????
????xanthurenic acid (55) ??thionyl chloride ??????????????????
MeOH ??????????? NaOMe ????????? quinolobactin (54) ?????
???? 56 ??????? 16% ?????????????????????? 57 ?
???????????????????????????????? 57 ? NaOMe ?
???????????? 56 ?????????????56 ??????quinolobactin 
(54) ?????? 1-bromo-3-methyl-2-butene (58) ??????????????????
Ppc-1 (18) ? 5 ?????? 14% ????(Scheme 3).
31
Figure 30. Structure of Ppc-1 (18).
32
Xanthurenic acid (55)
1. SOCl2, reflux
2. MeOH, reflux
3. NaOMe, MeOH, reflux
5% NaOH aq
K2CO3, DMF, rt
(87% for 2 steps)
Ppc-1 (18)
MeOH, reflux
56
Quinolobactin (54)
58
Scheme 3. Synthesis of Ppc-1 (18).
+
(35%) 
57
(16%)
55
? 2 ??Pt-1 ???
?Pt-1 (19) ??? (44) ? N-3, N-7 ???????N-9 ????????????????
??????????3,7-dimethyluric acid (59) ? geranyl bromide (60) ????????? Pt-
1 (19) ??????? (Scheme 4)???? 3.0% ???????TLC ??????????
???????Pt-1 (19) ?????? O-geranyl ???????????????
33
K2CO3, DMF, rt (3.0%)
3,7-Dimethyl uric acid (59) Pt-1 (19)
60
Scheme 4. Synthesis of Pt-1 (19).
? 3 ??Pt-3 ???
?Pt-3 (21) ?????? 2 ??????????8 ?????????????????
??????? 2 ???????????????????????????????
??????????????3 5 ????????????????????????
???8 ????????? ????????????????????
?????? 8-quinolineboronic acid (61) ??1-bromo-3-methyl-2-butene (58) ???????
????????????????36 62 ?????????????trioxane ????
tBuOOH ????????????????????????????2 ????????
??????35 63 ????????16% ?????????? 2 ????? 4??????
???????????? 63' ??????????????? TsOH ????????
???????????? 64 ????????????30%??????????????
??????????? 64' ???????????????????????????
? Pt-3 (21) ? 4 ?????? 2.1% ????(Scheme 5).
34
NaClO2, NaH2PO4
 tBuOH-H2O (5:1), rt (84%)
borsm
Scheme 5. Synthesis of Pt-3 (21).
TsOH
H2O, reflux (30%)
borsm
P(Cy)3, Cs2CO3 
Dioxane, 80 ˚C (52%)
Trioxane, tBuOOH
8-Quinolineboronic acid (61)
CF3COOH, FeSO4
?MeCN, reflux
, Pd(dba)258
62
63
64 Pt-3 (21)
2-Methyl-2-butene
+
(14%)
63'
2
3
4
2
3
4
64'
+
(16%)
borsm
? 4 ??Pt-4 ???
?Pt-4 (22) ??Pt-5 (23) ? DIF-1 (3) ??????????DIF-1 (3) ????13 ?????
??????????????????????????????DIF-1 (3)??????
??????????????????????????????????? 1' ??
???????2', 4', 6' ???????? 51 (Scheme 6) ???????????????
?? 4', 6' ??????????????????????????? 3 ??????
??????????????????????????????????????TBAF 
????????? SEM ???????????
??????? 5-methoxyresorcinol (65) ??butyryl chloride (66) ?????Friedel-Crafts ??
?????????????????????? 67 ??????? BBr3 ??????
?? 51 ??????? SEMCl ?????????????????????????
??? 68 ???MeI ??????????????????????????????
?? 69 ???????TBAF ???? SEM ????????????????????
?????????? 70 ??23% ???????????????70 ? 1-bromo-3-methyl-
2-butene (57) ???????????????????????????? 71 ????
??????? TBAF ????????SEM ???????????Pt-4 (22) ? 7 ???
????3.7% ????(Scheme 6).
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36
-78 °C to rt (95%)
BBr3, CH2Cl2
5-Methoxyresorcinol (65)
K2CO3, DMF
rt (60%)
Pt-4 (22)
MeI, K2CO3
acetone, rt (90%)
SEMCl, DIPEA
CH2Cl2, rt (86%)
CH2Cl2, 0 °C (81%)
, AlCl366
67
51 68
TBAF
7069
58
71
Scheme 6. Synthesis of Pt-4 (22).
TBAF
HMPA-THF (20:1)
rt (45%)
4' 6'
2' 1'
HMPA-THF (8:1) 
40 ˚C (23%)
? 5 ??Pt-5 ???
?Pt-5 (23) ??Pt-4 (22) ???????51 ??????????????????????
????????????????????????????????????????
????
?51 ? sulfuryl chloride ?????72 ??????? SEMCl ?????2', 4'????????
??????????????73 ???????geranyl bromide (59) ??????????
????????SEM ?? 1 ??????? 74 ????????? Pt-5 (23) ????? 
25% ? 19% ?????????Pt-4 (22)????????(DMF, K2CO3)?????????
??? SEM ???????????????????????????????????
?????????????????????????????????74 ? TBAF ?
???????????? Pt-5 (23) ??????????Pt-5 (23) ? Pt-4 (22) ????
????? 5-methoxyresorcinol (64) ?? 6 ?????? 14% ??????????
(Scheme 7).
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SO2Cl2
CHCl3-EtOH (100:1) DIPEA, CH2Cl2
SEMCl
K2CO3, DMF, rt
rt (95%) rt (53%)
TBAF, HMPA, 50 °C 
(66%) borsm
51
60
72
73
Scheme 7. Synthesis of Pt-5 (23).
4'
2' 1'
6'
and
(25%)
74
(19%)
Pt-5 (23)
? 6 ??Ppc-1 ??? Pt-1~5 ?????
?????????? Ppc-1 (18), Pt-1 (19) ??? Pt-3~5 (21~23) ?? 1 ?????? Pt-2 
(20) ?????????????????????? 3T3-L1 ?????????????
?????????????????
(i) ???????????????
?Ppc-1 (18)?????Pt-1~5 (19~23) ?????K562 ???????????HeLa ????
????????????????????????????????????????
????3T3-L1 ??????????????????????
???????????????????15 µM ????????? 3 ????????
??????????????????? (Figure 31)?
??? Pt-5 (23) ????? DIF-3 (25) ?????????K562 ????????? 
Pt-5 (23) (0~20 µM) ????????50% ???????? (IC50) ??????
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?????????Ppc-1 (18) ???????????????????50%???????
???????????????Pt-1 (19) ??K562 ??????????????30% ??
???????HeLa ????3T3-L1? ??????????80% ???????????
????????????????????Pt-2 (20) ????????????????
???70% ????????????????????????Pt-3 (21) ????????
?????????? 80% ??????????????????????.
?DIF-1 (3) ?????????????????Pt-4 (22) ??????????????
???? 90% ??????????????????????????????1????
??Pt-5 (23) ??K562 ?????????????? 40% ??????????????
39
Figure 31?Effects of Ppc-1 (18) and Pt-1~5 (19~23) on cell growth 
in K562 cells, HeLa cells and 3T3-L1 cells.
aRelative cell number after incubated in vitro with a vehicle (0.15% DMSO) or 
15 µM of compounds for 3 days.
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)
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4 (
22
)
Pt-
5 (
23
)
Pt-4 (22)
Pt-1 (19) Pt-2 (20)
Pt-3 (21) Pt-5 (23)
Ppc-1 (18)
K562
HeLa 
3T3-L1
Mean ? SD (n=3)
????? 1 ?????DIF-3 (25) ??????????????Pt-5 (23) ???????
?????????????????????????75 ???K562 ?????????
??????????????????????.13 ????DIF-3 (25) ??4 ???????
??6 ????????????????76???????????????? DIF-3 (25) ?
???????????????.37 ????????????????????6????
?????????????Pt-5 (23) ???? DIF-3 (25) ????????????DIF-3 
(25) ?????????????????????????????????????
????????????????? (Figure 32)?
40
DIF-3 (25)
IC50: 8.8 µM
Pt-5 (23)
IC50: 10.1 µM
????76IC50: >30 µM
75
IC50: >20 µM
????
Figure 32. IC50 of DIF-3 (25) and derivatives to K562 cells.
(ii) 3T3-L1 ?????????????
???????????????????DIF-1 (3) ??3T3-L1 ?????????????
????????????????,25 Ppc-1 (18) ??? Pt-1-5 (19~23) ?????????
??????3T3-L1 ??????? (20 µM) ??????????????????? 
glucose ???????????????? glucose ????????????????? 
(Figure 33)?
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Figure 33?Effects of DIF-1 (3), Ppc-1 (18) and Pt-1~5 (19~23) on glucose 
consumption in 3T3-L1 cells.
aThe glucose concentration of each medium was mesured afrer incubated in vitro with a vehicle 
(0.2% DMSO) or 20 µM of compounds for several hours and approximate rate of glucose 
consumption was calculated .
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?????????Pt-5 (23) ?????????????????????????? 1 
???? DIF-3 (25) ????????? DIF-1 (3) ?????????????????
??26 ???Pt-5 (23) ?????DIF-1 (3) ???????????????????????
???????1????????????DIF????????????76 ?????????
?????????????????????
????????????????????????????????????????
????????????????????????????????????????
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? 3 ??DIF-1 ???????????
?????????????????????????????? DIF-1 (3) ?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????? 
DIF-1 (3) ???????????????????????????????????
????????????????????????????????????????
??????????????
? 1 ??DIF-1 ??????
?DIF-1 (3) ??????????????????????????????????
?????????????????????????
(i)????????????
????????????????????????????????????????
??????????????????????????? DIF-1 (3) ????????
???????????????13
?DIF-1 (3) ??????NaBH4 ?????????????????????????
???????? 33 ????? (Scheme 8)????????????????4 ˚C ??
?????????????????????????????????? 
43
NaBH4, MeOH
0 ˚C (69%) 
Scheme 8. Synthesis of DIF-1 (3) derivatives.
DIF-1 (3) 33
(ii)?DIF-1 ????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? DIF-1 (3) ??????????
???????????6?? DIF-1 (3) ???????????????????????
??????????13, 24 ???????? DIF-1 (3) ????????????????
???????????6 ?????????????????????????????
???????? (ClogP) ????????????????????????????
??ClogP ??? DIF-1 (3) ????????????????????????????
??34 ??????????????????35???????????????????
????????????????????????????36 ????ClogP ?????
???????????38 ???????????????????????? 7, 9, 10 ?
????????37, 39, 40???????????????????? (Figure 34)? ???
???? ClogP ????? ChemDraw Ultra version 10.0 (Cambridge Soft) ?????
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???????? 2,4,6-trihydroxybenzaldehyde (77) ????dimethyl sulfate ?????
????????4?????????????????? 78 ??2???????????
??????? 78' ???????????????????????????????
???????????78, 78' ???????? benzyl bromide ??????????
???????????????????? 79, 79' ????????????????
????????????????? 79 ?????????????????????
??????????????????????? 80 ?????????EDCI ????
????????????????????????????????????????
????????????????????????????????????????
???HATU ?????????????????butanol, pentanol, butylamine, pentylamine, 
hexylamine, heptylamine, octylamine ??????? 81a~g ???????????????
????????????? HATU ???????????????????????
????????????81a~g ????? Pd(OH)2 ????????????????
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Figure 34. Structures of DIF-1 (3) and its derivatives. 
The hydrophobic index (ClogP) was place in parentheses.
DIF-1 (3) (4.205)
36 (3.194) 37 (3.723) 38 (4.252)
39 (4.781) 40 (5.310)
??????
35 (4.622)34 (4.093)
???????
????????????? sulfuryl chloride ?????????????34~40 ??? 
(Scheme 9)?????????????????? TLC ???????????????
????????????????
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 acetone-H2O (1:1), rt
Me2SO4, K2CO3
BnBr
K2CO3, DMF, rt
NaClO2, 2-Methyl-2-butene
NaH2PO4, tBuOH-H2O, rt
+
77 78 78'
+
79 79'
ROH or RNH2, HATU
DIPEA, CH2Cl2,  rt
80
i) H2, Pd(OH)2/C, MeOH, rt
ii) SO2Cl2, CHCl3-EtOH, rt 
81a 34
81b 35
81c 36
81d 37
81e 38
81f 39
81g 40
(40%) 
(38%) 
(90%) 
(66%) 
(55%) 
(58%) 
(52%) 
(70%, 2 steps) 
(75%, 2 steps) 
(31%, 2 steps) 
(23%, 2 steps) 
(56%, 2 steps) 
(20%, 2 steps) 
(28%, 2 steps) 
X R
O
O
NH
NH
NH
NH
NH
(CH2)3CH3
(CH2)4CH3
(CH2)3CH3
(CH2)4CH3
(CH2)5CH3
(CH2)6CH3
(CH2)7CH3
Scheme 9. Synthesis of DIF-1 (3) derivatives.
(84%)
(22%, 2 steps) (21%, 2 steps)
4 2
1
78
? 2 ??DIF-1 ????????
???????? DIF-1 ??? 8 ?????????????????????????
K562 ??????????  3T3-L1 ?????????????????????
3T3-L1 ?????????????????????
(i) ??????????????
?Dictyostelium discoideum ????????????cAMP ????????????
???? DIFs ??????? 90% ??????????????????DIF ???
???????????D.?discoideum HM44 ???????????????????
?????? DIF-1 (3) ????????????????????????????.20
??????????????????????????????????
???????????????HM44 ???????? (0.5 nM) ???? 2 ????
???????????????????????????????????(Figure 35)?
????????????????? 33 ???????? 34, 35 ??????????
???????????? 36~40 ????????????????????? 6~8 ?
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DIF-1 (3) 33
Figure 35?Effects of DIF derivatives on stalk-cell formation in HM44 cells.
aStalk-cell population (percentage of total cells) after incubated in vitro with a vehicle
(0.2% DMSO) or 0.5 nM of DIF derivatives for 2 days.
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(ii) ???????????????
?DIF-1 ??????????????????????????????K562 ????
?????????????????????????3T3-L1 ???????????
??? (15 µM) ???? 3 ????????????????????? (Figure 36)?
?K562???????????????DIF-1 (3) ?????????? 33 ???????
? 34, 35 ???????????????????????? 36~40 ?????????
??????????????6~8????? 36~38 ?? DIF-1 (3) ???????????
????????9??????39???DIF-3 (25) ????????????????????
? 10 ????????????????????? 9 ??????????????
????39 ?????????3T3-L1 ????????????????DIF-3 (25) ???
????????????????????
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Figure 36?Effects of DIF derivatives on cell growth in K562 cells and 3T3-L1 cells.
aRelative cell number after incubated in vitro with a vehicle (0.15% DMSO) or 15 µM of compounds 
for 3 days.
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Figure 37?Effects of DIF derivatives on glucose consumption in 3T3-L1 cells. 
aThe glucose concentration of each medium was mesured afrer incubated in vitro with a vehicle 
(0.2% DMSO) or 20 µM of DIF derivatives for several hours and approximate rate of glucose 
consumption was calculated .
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??
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????
????????????????????????????????????????
????????? Polysphondylium tenuissimum ??????????????????
???????????????????P. tenuissimum ??????????????
????? Pt-1~5 (19~23) ???????????????Pt-1~5 (19~23) ??????
???????????????????????????
??????????????Pt-1 (19), ????Pt-3~5 (21~23) ???????????? 
P. pseudo-candidum ??????????????????????????Ppc-1 (18)??
??????????????Ppc-1 (18) ????Pt-1~5 (19~23) ???????????
????????????DIF-3 (25) ????????Pt-5 (23) ? K562 ????????
????DIF-3 (25) ?????????????????????????????DIF-3 
(25) ??????????????????????????????????????
?????discadenine (1) ????????????????????????????Ppc-
1 (18) ????Pt-1~5 (19~23) ???????????????????????????
??
??????????????????????DIF-1 (3) ??????????????
????????????????????????????????37, 38 ??????
?????????DIF-1 (3) ???????????????????????????
????????????????????????????????????????
???????????????DIF-1 (3) ????????????????????
????????????????????????????????????????
????? 38 ? DIF-1 (3) ???????????????????????2 ?????
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????????????????????ClogP ??DIF-1 (3) ????????????
??????DIF-1 (3) ??????????????????????????????
????????????????????????????????????????
?????????DIF-1 (3) ???????????????????????????
??????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????DIF-1 (3)???????????????
???????????????????????????????????????
????????????????????????????????????????
?????????
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????
????????????? JEOL JMS-DX 303 ???????JMS-700 ???????
???JMS-T 100 GC?????????????NMR ????????????? JEOL 
ECA-600 ??????????? JEOL AL-400 ??????????????????
???? TMS ???????????? ppm ???????????? : s????? : d??
??? : t????? : q??????: quint, ????: sext, ???????? : dd?????????
? : dt?? ?? : m????????? : br. ?????????????????? Silica gel 
60 (70-230 mesh ASTM, Merck)?Cosmosil 140C18-OPN (nacalai) ?????HPLC ? LC-
908W (Japan Analytical Industry Co.,?Ltd.), LC-9201 (Japan Analytical Industry Co.,?Ltd.) ??
?????????????????JAIGEL-GS310 (φ 21.5 mm x 500 mm) (Japan Analytical 
Industry Co.,?Ltd.), ????JAIGEL-W252 (φ 20.0 mm x 250 mm) (Japan Analytical Industry Co.,?
Ltd.) ?????TLC ? TLC aluminium sheets Silica gel 60F254 (0.25 mm, Merck)?TLC 
aluminium sheets RP-18 F254S (0.25 mm, Merck) ??????? 254 nm ???? UV ???
??????????????????????????????????????
??????????????????????????????????????
?????????????
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??1?????
????????????
????? 50 mL ???????? A ???? [D-(+)-glucose 0.5%, polypepton 0.5%, yeast 
extract 0.05%, KH2PO4 0.225%, Na2HPO4?12H2O 0.137%, MgSO4?7H2O 0.05%] ??20 mL
??????? Klebsiella aerogenes  ????????????????? 37 ˚C ? 12 ?
????????????????A ???? (agar 1.5%, ?? 15 cm ????????? 
60 mL) ? Klebsiella aerogenes  ????????????? 550 µL ??????????
?????????????????????????Polysphondylium tenuissimum ???
????????????????????????? 22 ˚C ? 6 ??????????
????????????????????? (121 ˚C, 20 ?) ????????????
Polysphondylium tenuissimum ???????
??????? Polysphondylium tenuissimum ???? (???? : 73.60 g) ???????
??? (2 L) ?????3 ????????????????????????????
??????? (18.15 g) ????????500 mL ?????????????????
? (400 mL ? 4) ????????????????????? (5.49 g) ????
????????????
?????????? (5.49 g) ??????????????????????hexane,
hexane-EtOAc, EtOAc, EtOAc-MeOH, MeOH ????????Fraction 1 (392.1 mg, hexane), 
Fraction 2 [1.3 mg, hexane-EtOAc (19:1)], Fraction 3 [717.5 mg, hexane-EtOAc (19:1)], Fraction 4 
[764.0 mg, hexane-EtOAc (9:1)], Fraction 5 [450.0 mg, hexane-EtOAc (9:1-4:1)], Fraction 6 [1176.8 
mg, hexane-EtOAc (4:1)], Fraction 7 [84.3 mg, hexane-EtOAc (4:1)], Fraction 8 [47.0 mg, hexane-
EtOAc (2:1)], Fraction 9 [27.1 mg, hexane-EtOAc (2:1)], Fraction 10 [48.6 mg, hexane-EtOAc (2:1-
1:1)], Fraction 11 [4.3 mg, hexane-EtOAc (1:2)], Fraction 12 [12.3 mg, hexane-EtOAc (1:2)], Fraction 
13 (36.0 mg, EtOAc), Fraction 14 [509.6 mg, EtOAc-MeOH (1:1)], Fraction 15 (163.1 mg, MeOH), 
55
Fraction 16 (44.7 mg, MeOH) ????
Pt-1 (19) ???
?Fraction 14-5 (25.1 mg) ??????????????????????hexane, hexane-
EtOAc (9:1-1:1), EtOAc, EtOAc-MeOH (3:1), MeOH ????????Fraction 14-5-1~8 ??
??Fraction 14-5-7 (8.5 mg) ? ODS ????????????????H2O-MeOH (9:1-
1:9), MeOH, MeOH-EtOAc (4:1), EtOAc ????????H2O-MeOH (1:1) ??????? 
Pt-1 (19) (1.8 mg) ????
?Pt-1 (19): Colorless amorphous solid; 1H and 13C NMR data are shown in Table 2; LREIMS: m/z 
332 (M+), 196 (base), 153, 137, 81, 69; HREIMS: m/z 332.1835 [M]+ (332.1848 calcd. for 
C17H24N4O3).
Pt-2 (20) ???
?Fraction 13 (36.0 mg) ??????????????????????CHCl3, CHCl3-
MeOH (99:1-1:1),  MeOH ????????Fraction 13-1~10 ???????Fraction 14 
(509.6 mg) ??????????????????????CHCl3, CHCl3-MeOH (99:1-
1:1),  MeOH ????????Fraction 14-1~13 ????Fraction 13-7 ??? 14-8 (50.9 mg) 
??????????????????????CHCl3, CHCl3-MeOH (99:1-1:1),  MeOH ?
???????Fraction 14-8-1~8 ????Fraction 14-8-5~6 (20.9 mg) ? ODS ??????
??????????H2O-MeOH (7:3-1:9), MeOH, MeOH-EtOAc (4:1), EtOAc ??????
??H2O-MeOH (3:7-1:9) ??????? Pt-2 (20) (9.7 mg) ????
?Pt-2 (20): Colorless amorphous solid; 1H and 13C NMR data are shown in Table 3; LREIMS: m/z 
318 (M+), 182 (base), 137, 81, 69; HREIMS:  m/z 318.1688 [M]+ (318.1692 calcd. for C16H22N4O3).
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Pt-2 (20) ?????
?Pt-2 (20) (2.0 mg, 6.3 µmol) ? DMF (1.0 mL) ???????? K2CO3 (6.3 mg, 0.046 mmol) 
??? MeI (10 µL, 0.16 mmol) ?????????? 3 ??????????? 0.3 M ??
??????EtOAc ? 3 ?????????????????????????????
???????????????CHCl3, CHCl3-MeOH (99:1-1:1) MeOH ????????
CHCl3-MeOH (99:1) ??????? 41 (1.9 mg, 5.5 µmol, 87%) ????
?41: Colorless amorphous solid; 1H NMR (600 MHz, CDCl3) δ 5.10 (1H, m, H-2'), 5.00 (1H, m, H-
6'), 4.65 (2H, d, J = 6.0 Hz, H2-1'), 3.61 (3H, s, 3-NMe), 3.56 (3H, s, 7-NMe), 3.36 (3H, s, 1-NMe), 
2.07 (2H, q, J = 7.2 Hz, H2-5'), 2.03 (2H, t, J = 7.2 Hz, H2-4'), 1.72 (3H, d, J = 1.0 Hz, H3-9'), 1.64 
(3H, d, J = 1.0 Hz, H3-8'), 1.56 (3H, s, H3-10'); 13C NMR (150 MHz, CDCl3) δ 153.5 (C-6), 151.9 
(C-8), 150.8 (C-2), 140.5 (C-3'), 135.4 (C-4), 132.3 (C-7'), 123.3 (C-6'), 119.6 (C-2'), 99.5 (C-5), 41.8 
(C-1'), 39.2 (C-4'), 30.5 (3-NMe), 29.3 (7-NMe), 28.2 (1-NMe), 26.1 (C-5'), 25.7 (C-8'), 17.7 (C-10'), 
16.7 (C-9'); LREIMS: m/z 346 (M+), 210 (base), 153, 69; HREIMS: m/z  346.2012 [M]+ (346.2005 
calcd. for C18H26N4O3).
Pt-3 (21) ???
?Fraction 14-4 (7.6 mg) ? ODS ????????????????H2O-MeCN (9:1-1:4), 
MeCN, MeCN-EtOAc (4:1), EtOAc ????????H2O-MeCN (1:1-1:4) ??????? Pt-
3 (21) (0.8 mg) ????
?Pt-3 (21): Brown amorphous solid; 1H and 13C NMR data are shown in Table 4; LREIMS: m/z 241 
(M+), 198 (base), 194, 180, 154; HREIMS: m/z 241.1091 [M]+ (241.1103 calcd. for C15H15NO2).
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Pt-4 (22) ???
?Fraction 3 (717.5 mg) ??????????????????????hexane, hexane-
EtOAc (99:1-1:1), EtOAc, MeOH ????????Fraction 3-1~11 ????Fraction 3-4~5 
(257.4 mg) ??????????????????????hexane, hexane-EtOAc (99:1-1:1), 
EtOAc, MeOH ????????Fraction 3-4-1~11 ????Fraction 3-4-3~6 (148.1 mg) ? 
ODS ????????????????H2O-MeCN (3:7-1:4), MeCN, MeCN-EtOAc (1:1), 
EtOAc ????????H2O-MeCN (3:7) ??????? Pt-4 (22) (2.6 mg) ????
?Pt-4 (22): Yellowish brown amorphous solid; 1H and 13C NMR data are shown in Table 5;  
LREIMS: m/z 278 (M+), 210, 167(base), 69; HREIMS: m/z 278.1498 [M]+ (278.1518 calcd. for 
C16H22O4).
Pt-5 (23) ???
?Fraction 5 (450.0 mg) ??????????????????????hexane, hexane-
EtOAc (19:1-1:1), EtOAc, MeOH ????????Fraction 5-1~8 ????Fraction 5-3 (229.6 
mg) ??????????????????????hexane, hexane-CHCl3 (9:1-1:1), CHCl3-
MeOH (49:1-1:1), MeOH ????????Fraction 5-3-1~6 ????Fraction 5-3-3,4 (183.2 
mg) ? ODS ????????????????H2O-MeCN (1:1-1:9), MeCN, MeCN-EtOAc 
(1:1), EtOAc ????????Fraction 5-3-3-1~7 ????Fraction 5-3-3-1-2 (10.4 mg) ? ??
???????????????????hexane, hexane-CHCl3 (1:1), CHCl3-MeOH (4:1-
2:1), MeOH ????????Fraction 5-3-3-1-2-1~5 ????Fraction 5-3-3-1-2-2 ?????
?????????????????hexane, hexane-toluene (2:1-1:1), toluene, toluene-EtOAc 
(9:1-2:1), EtOAc, EtOAc-MeOH (9:1), MeOH ??????? hexane-toluene (1:1-0:1) ????
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??? Pt-5 (23) (4.7 mg) ????
?Pt-5 (23): Pale yellow amorphous solid; 1H and 13C NMR data are shown in Table 6; LREIMS: m/z 
368 (M+2), 366 (M+), 232, 230, 189, 187, 137, 93, 81, 69 (base); HREIMS: m/z 366.1597 [M]+ 
(366.1598 calcd. for C20H2735ClO4).
Pt-5 (23) ?????????????
?Pt-5 (23) (2.1 mg, 5.72 µmol) ? DMF (1.0 mL) ???????? K2CO3 (6.1 mg, 0.044 
mmol) ??? MeI (10 µL, 0.16 mmol) ?????????? 1 ??????????? 0.3 
M ????????EtOAc ? 3 ?????????????????????????
????????????????????????
?????? MeOH (1.0 mL) ?????20% Pd(OH)2 on carbon (5.5 mg) ????????
????? 24 ?????????????????????????????????
?????????????????hexane, hexane-EtOAc (49:1-9:1) ????????
hexane-EtOAc (49:1) ????????43 (1.0 mg, 2.9 µmol, 50%) ????
?43: Colorless oil; 1H NMR (400 MHz, CDCl3) δ 6.11 (2H, m), 3.92-3.98 (2H, m), 3.79 (3H, s), 
3.78 (3H, s), 2.55 (2H, t, J = 7.5 Hz), 1.77-1.84 (1H, m), 1.70 (1H, m), 1.54 (2H, m), 1.42 (2H, m), 
1.28-1.35 (6H, m), 1.13-1.18 (2H, m), 0.90-0.94 (6H, m), 0.86-0.88 (6H, m); 13C NMR (100 MHz, 
CDCl3) δ 158.9, 158.8, 158.3, 112.4, 91.4, 90.5, 66.4, 55.7, 55.3, 39.3, 37.3, 36.5, 31.9, 29.8, 28.0, 
24.8, 22.8, 22.7, 22.6, 22.4, 19.6, 14.1; LREIMS: m/z 350 (M+), 307 (base), 169, 167; HREIMS: m/z 
350.28115 [M]+ (350.28209 calcd. for C22H38O3).
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? 2 ???1?????
Methyl-8-hydroxy-4-methoxyquinoline-2-carboxylate (56) ???
?Xanthurenic acid (55) (310.1 mg, 1.51 mmol) ? thionyl chloride (2.0 mL) ??????15 ??
???????????????????? MeOH (2.0 mL) ????15 ???????
??????????????? MeOH (10 mL) ?????NaOMe (408.2 mg, 7.56 mmol) 
????2 ????????????????? 3 M ??????????EtOAc ? 3 ?
???????????????????????????????????????
?????????????????????????????hexane-EtOAc (19:1-2:1) 
????????hexane-EtOAc (19:1-14:1) ????????57 (126.9 mg, 0.53 mmol, 35% for 
3 steps), hexane-EtOAc (9:1-2:1) ??????? 56 (57.3 mg, 0.25 mmol, 16% for 3 steps) ??
??
?56: Pale yellow amorphous solid; 1H NMR (400 MHz, CDCl3) δ 8.41 (1H, br.s), 7.63 (1H, dd,  J 
= 1.2, 8.5 Hz), 7.52 (1H, s), 7.48 (1H, dd, J = 7.5, 8.5 Hz), 7.20 (1H, dd, J = 1.2, 7.5 Hz), 4.10 (3H, 
s), 4.04 (3H, s); 13C NMR (100 MHz, CDCl3) δ 165.8, 163.6, 153.0, 146.6, 138.6, 128.9, 122.4, 
112.0, 111.3, 100.6, 56.2, 52.9; LREIMS: m/z 233 (base, M+), 201, 175, 173, 158, 145; HREIMS: m/z 
233.0671 [M]+ (233.0688 calcd. for C12H11NO4).
?57: Pale yellow amorphous solid; 1H NMR (400 MHz, CDCl3) δ 8.56 (1H, br.s), 8.23 (1H, s), 
7.70 (1H, dd,  J = 1.4, 8.5 Hz), 7.65 (1H, dd, J = 7.5, 8.5 Hz), 7.28 (1H, dd, J = 1.4, 7.5 Hz), 4.06 
(3H, s); 13C NMR (100 MHz, CDCl3) δ 164.6, 153.6, 144.9, 144.1, 138.4, 131.2, 128.0, 121.7, 114.3, 
112.1, 53.1; LREIMS: m/z 239 (M+2), 237 (base, M+), 207, 205, 179, 177, 149; HREIMS: m/z 
237.0186 [M]+ (237.0192 calcd. for C11H835ClNO3).
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56 57
Ppc-1 (18) ???
?56 (22.8 mg, 0.098 mmol) ? MeOH (2.0 mL) ?????? (0.2 mL) ??? NaOH (100 mg,
2.5 mmol) ????30 ???????????????? 3 M ??????????
EtOAc ? 3 ??????????????????????????????????
???????????
????? (21.6 mg) ??? 11.0 mg ? DMF (1.0 mL) ?????K2CO3 (30.1 mg, 0.22 
mmol) ??? 1-bromo-3-methyl-2-butene (58) (20 µL, 0.17 mmol) ?????????14 ???
?????????????????????????EtOAc ? 3 ?????????
??????????????????????????????????????
??????????????????????????hexane-EtOAc (1:0-19:1) ???
?????hexane-EtOAc (19:1) ??????? 18 (15.6 mg, 0.044 mmol, 87% for 2 steps) ?
???18: Pale yellow amorphous solid; 1H NMR (400 MHz, CDCl3) δ 7.75 (1H, dd,  J = 1,2, 8.5 
Hz), 7.59 (1H, s), 7.48 (1H, dd, J = 8.0, 8.5 Hz), 7.07 (1H, dd, J = 1.2, 8.0 Hz), 5.70 (1H, m), 5.58 
(1H, m), 4.95 (2H, d, J = 7.3 Hz), 4.80 (2H, d, J = 6.5 Hz), 4.10 (3H, s), 1.78-1.80 (12H, m); 13C 
NMR (100 MHz, CDCl3) δ 165.8, 163.0, 155.1, 148.0, 140.5, 138.8, 136.8, 127.8, 123.3, 119.9, 
118.6, 113.0, 109.9, 100.6, 66.2, 63.1, 56.1, 25.88, 25.86, 18.4, 18.2; LREIMS: m/z 355 (M+), 286, 
219 (base), 201, 173; HREIMS: m/z 355.1783 [M]+ (355.1782 calcd. for C21H25NO4)?????
??????????????13 ??????
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? 2 ?? 2 ????
Pt-1 (19) ???
?3,7-Dimethyluric acid (59) (50.4 mg, 0.26 mmol) ? DMF (3.0 mL) ?????K2CO3 (72.3 
mg, 0.52 mmol) ??? geranyl bromide (60) (50 µL, 0.24 mmol) ???????? 1.5 ???
?????????????EtOAc ? 3 ?????????????????????
???????????????????????????????????????
?????????hexane-EtOAc (9:1-0:1) ????????hexane-EtOAc (2:1-0:1) ???
?????????????? GPC HPLC (Column: GS-310, Eluent: CHCl3, WL: 250 nm, 
flow rate: 5 mL/min) ????????Pt-1 (19) (2.6 mg, 7.8 µmol, 3.0%) ????Pt-1 (19): 
Colorless amorphous solid; LREIMS: m/z 332 (M+), 196 (base), 153, 137, 81, 69; HREIMS: m/z 
332.1851 [M]+ (332.1848 calcd. for C17H24N4O3). 1H ??? 13C NMR ??????????
???????????? (Table 2). 
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? 2 ?? 3 ????
8-(3-Methylbut-2-enyl)quinoline (62) ???
?8-Quinolineboronic acid (61) (508.0 mg, 2.94 mmol) ? dioxane (10 mL) ?????
bis(dibenzylideneacetone)palladium(0) (24.9 mg, 0.043 mmol), tricyclohexylphosphine (29.2 mg, 
0.10 mmol), Cs2CO3 (1883.5 mg, 5.78 mmol) ??? 1-bromo-3-methyl-2-butene (58) (350 µL, 
3.03 mmol) ???? 80 ˚C ?? 6 ????????????????EtOAc ? 3 ????
???????????????????????????????????????
??????????????????????????hexane-EtOAc (49:1) ????
??hexane-EtOAc (49:1) ????????? 62 (294.6 mg, 1.49 mmol, 52%) ????62: 
Yellow oil; 1H NMR (400 MHz, CDCl3) δ 8.94 (1H, dd,  J = 1.8, 4.2 Hz), 8.10 (1H, dd, J = 1.8, 8.2 
Hz), 7.64 (1H, dd, J = 1.3, 8.2 Hz), 7.55 (1H, m), 7.45 (1H, dd, J = 7.3, 8.0 Hz) 7.37 (1H, dd, J = 4.2, 
8.0 Hz), 5.51 (1H, m), 4.02 (2H, br.d, J = 7.3 Hz) 1.77-1.78 (6H, m); 13C NMR (100 MHz, CDCl3) δ 
149.1, 146.6, 140.3, 136.2, 132.8, 128.3, 128.2, 126.3, 125.7, 122.7, 120.7, 29.6, 25.9, 17.9; LREIMS: 
m/z 197 (M+), 182, 168, 154 (base), 142, 129; HREIMS: m/z 197.1178 [M]+ (197.1204 calcd. for 
C14H15N).
8-(3-Methylbut-2-enyl)-2-(1,3,5-trioxan-2-yl)quinoline (63) ???
???? 62 (400.0 mg, 2.03 mmol) ? acetonitrile (20 mL) ?????trioxane (14.6 g, 163 
63
63'
63
mmol),  FeSO4?7H2O (7.9 mg, 0.028 mmol), trifluoroacetic acid (155 µL, 2.08 mmol), ??? 
tBuOOH (70% solution in H2O) (870 µL, 6.28 mmol) ??????5 ?????????1 N 
NaOH ??????????????EtOAc ? 3 ??????????????????
???????????????????????????????????????
????????????hexane-EtOAc (99:1-19:1) ??????hexane-EtOAc (99:1-49:1) 
??????????62 (90.4 mg, 0.46 mmol), hexane-EtOAc (49:1) ????????? 63 
(69.4 mg, 0.24 mmol, 12%), hexane-EtOAc (19:1) ??????????63' (63.0 mg, 0.22 mmol, 
11%) ????
?63: Colorless amorphous solid; 1H NMR (400 MHz, CDCl3) δ 8.21 (1H, d,  J = 8.5 Hz), 7.80 
(1H, d, J = 8.5 Hz), 7.66 (1H, dd, J = 1.5, 8.1 Hz), 7.55 (1H, m), 7.47 (1H, dd, J = 7.3, 8.1 Hz) 6.12 
(1H, s), 5.48 (1H, m), 5.41 (4H, s), 4.02 (2H, br.d, J = 7.4 Hz) 1.79 (3H, br.s), 1.76 (3H, d, J = 1.0 
Hz); 13C NMR (100 MHz, CDCl3) δ 154.1, 145.6, 140.8, 137.5, 132.7, 128.6, 128.5, 127.0, 125.5, 
123.0, 118.1, 103.1, 93.6 (2C), 29.4, 25.8, 17.9; LREIMS: m/z 285 (M+), 256, 239, 225, 210, 197, 
183, 168, 155 (base); HREIMS: m/z 285.1336 [M]+ (285.1365 calcd. for C17H19NO3).
?63': Colorless amorphous solid; 1H NMR (400 MHz, CDCl3) δ 9.00 (1H, d,  J = 4.4 Hz), 7.97 
(1H, dd, J = 1.4, 8.4 Hz), 7.69 (1H, d, J = 4.4 Hz), 7.56 (1H, d, J = 1.4, 7.0 Hz), 7.50 (1H, dd, J = 7.0, 
8.4 Hz) 6.43 (1H, s), 5.48 (1H, m), 5.45 (4H, s), 4.02 (2H, br.d, J = 7.2 Hz) 1.77 (6H, br.s); 13C 
NMR (100 MHz, CDCl3) δ 148.9, 146.9, 141.0, 140.3, 132.9, 128.1, 126.7, 124.9, 122.7, 121.4, 
118.1, 98.8, 93.7 (2C), 30.0, 25.9, 18.0; LREIMS: m/z 285 (base, M+), 270, 242, 225, 210, 197, 182; 
HREIMS: m/z 285.1365 [M]+ (285.1365 calcd. for C17H19NO3).
8-(3-Methylbut-2-enyl)quinoline-2-carbaldehyde (64) ???
???? 63 (49.7. mg, 0.17 mmol) ?? (3.0 mL) ??????p-toluenesulfonic acid (37.8 mg, 
0.22 mmol) ????1.5 ?????????????????????????????
64
??EtOAc ? 3 ????????????????????????????????
?????????????????????????????????????
hexane-EtOAc (99:1) ??????hexane-EtOAc (99:1) ????????? 64 (2.0 mg, 8.88 
µmol, 5.1%), ????? 63 (40.4 mg, 0.14 mmol, 81%) ????64: Brown oil; 1H NMR (400 
MHz, CDCl3) δ 10.24 (1H, d, J = 0.8 Hz), 8.27 (1H, dd,  J = 0.8, 8.4 Hz), 8.01 (1H, d, J = 8.4 Hz), 
7.73 (1H, dd, J = 1.5, 8.1 Hz), 7.65 (1H, m), 7.59 (1H, dd, J = 7.4, 8.1 Hz)  5.50 (1H, m), 4.10 (2H, 
br.d, J = 7.5 Hz) 1.84 (3H, br.s), 1.76 (3H, d, J = 1.1 Hz); 13C NMR (100 MHz, CDCl3) δ 194.1, 
151.4, 146.2, 142.0, 137.3, 132.9, 130.1, 129.2, 129.0, 125.6, 122.5, 116.8, 29.6, 25.8, 18.0; LREIMS: 
m/z 225 (M+), 210, 182, 167, 155 (base), 149; HREIMS: m/z 285.1336 [M]+ (285.1365 calcd. for 
C17H19NO3).
Pt-3 (21) ???
???? 64 (4.0 mg, 18 µmol) ? tBuOH (1.0 mL) ????? (0.2 mL), NaH2PO4?2H2O
(4.2 mg, 27 µmol),?2-methyl-2-butene (10 µL, 94 µmol) ????NaClO2 (2.2 mg, 20 µmol), ???
????????1.5?????????????????????????????EtOAc 
? 3 ?????????????????????????????????????
????????????????????????????????CHCl3-MeOH 
(1:0-9:1) ??????CHCl3-MeOH (49:1-9:1) ????????? Pt-3 (21) (2.6 mg, 11 
µmol, 61%) ????Pt-3 (21): Colorless oil; : m/z 241 (M+), 198 (base), 149; HREIMS: m/z 
241.1081 [M]+ (241.1103 calcd. for C15H15NO2). 1H ??? 13C NMR ???????????
??????????? (Table 4). 
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? 2 ?? 4 ????
1-(2,6-Dihydroxy-4-methoxyphenyl)butan-1-one (67) ???
?5-Methoxyresorcinol (65) (1.96 g, 14.0 mmol) ? CH2Cl2 (40 mL) ??????0 ˚C ???? 
aluminium chloride (3.74 g, 28.0 mmol) ??? butyryl chloride (66) (1.5 mL, 14.4 mmol) ??
??1 ????????????????EtOAc ??3? ???????????????
???????????????????????????????????????
???????????????????????????????? hexane-EtOAc (19:1-
0:1) ??????hexane-EtOAc (19:1) ????????????????? CHCl3 ???
???????? 67 (2.38 g, 11.3 mmol, 81%) ????67: Colorless amorphous solid; 1H 
NMR (400 MHz, acetone-d6) δ 11.79 (2H, br.s), 5.96 (2H, s), 3.77 (3H, s), 3.04 (2H, t,  J = 7.5 Hz), 
1.66 (2H, sext, J = 7.5 Hz), 0.94 (3H, t, J = 7.5 Hz); 13C NMR (100 MHz, CDCl3) δ 206.4, 166.7 
(2C), 165.1, 105.7, 94.3 (2C), 55.7, 46.4, 18.6, 14.2; LREIMS: m/z 210 (M+), 195, 167(base); 
HREIMS: m/z 210.0890 [M]+ (210.0892 calcd. for C11H14O4).
1-(2,4,6-Trihydroxyphenyl)butan-1-one (51) ???
?????67 (793.1 mg, 3.77 mmol) ? CH2Cl2 (20 mL) ??????-80 ˚C ???? borone 
tribromide (1 M solution in CH2Cl2) (20 mL, 20 mmol) ??????????????2 ???
????????????????????????? EtOAc ??3??????????
???????????????????????????????????????
???????????????????????????????????????
hexane-EtOAc (9:1-1:1) ??????hexane-EtOAc (4:1-1:1) ????????? 51 (700.8 
mg, 3.57 mmol, 95%) ????51: Pale yellow amorphous solid; 1H NMR (400 MHz, CDCl3-
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CD3OD (9:1)) δ 5.85 (2H, s), 3.05 (2H, t,  J = 7.2 Hz), 1.70 (2H, sext, J = 7.2 Hz), 0.98 (3H, t, J = 
7.2 Hz); 13C NMR (100 MHz, CDCl3-CD3OD (9:1)) δ 206.5, 164.1, 163.7 (2C), 104.5, 94.9 (2C), 
45.6, 18.1, 13.8; LREIMS: m/z 196 (M+), 181, 153(base); HREIMS: m/z 196.0729 [M]+ (196.0736 
calcd. for C10H12O4).
1-[2-Hydroxy-4,6-bis[(2-trimethylsilylethoxy)methoxy]phenyl]butan-1-one (68) ???
???? 67 (205.4 mg, 1.05 mmol) ? CH2Cl2 (4.0 mL) ??????DIPEA (400 µL, 2.30 
mmol),   SEMCl (400 µL, 2.26 mmol) ??????? 2.5 ???????????????
???????????? EtOAc ? 3 ??????????????????????
???????????????????????????????????????
???????hexane-EtOAc (49:1-19:1) ??????hexane-EtOAc (49:1-19:1) ?????
???? 68 (411.0 mg, 0.90 mmol, 86%) ????68: Pale orange oil; 1H NMR (400 MHz, 
CDCl3) δ 13.79 (1H, s), 6.26 (1H, d, J = 2.4 Hz), 6.25 (1H, d, J = 2.4 Hz), 5.28 (2H, s), 5.20 (2H, s), 
3.71-3.80 (4H, m), 2.99 (2H, t, J = 7.4 Hz), 1.70 (2H, sext, J = 7.4 Hz), 0.93-1.01 (7H, m), 0.01 (9H, 
s), 0.00 (9H, s); 13C NMR (100 MHz, CDCl3) δ 205.9, 166.8, 163.4, 160.4, 106.7, 97.2, 94.1, 92.9, 
92.5, 67.1, 66.7, 46.2, 18.2, 18.01, 18.00, 14.0, -1.44, -1.45; LREIMS: m/z 456 (M+), 398, 355, 340, 
325, 297, 281, 103, 73(base); HREIMS: m/z 456.2361 [M]+ (456.2363 calcd. for C22H40O6Si2).
1-[2-Methoxy-4,6-bis[(2-trimethylsilylethoxy)methoxy]phenyl]butan-1-one (69) ???
???? 68 (187.7 mg, 0.41 mmol) ? acetone-DMF (1:1) (4.0 mL) ?????K2CO3 (248.7 
mg, 2.30 mmol), ??? MeI (75 µL, 1.20 mmol) ???????? 6 ???????????
???? EtOAc ? 3 ??????????????????????????????
???????????????????????????????????????
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???hexane-EtOAc (49:1-9:1) ??????hexane-EtOAc (49:1-9:1) ????????? 69 
(473.4 mg, 0.37 mmol, 90%) ????69: Colorless oil; 1H NMR (400 MHz, CDCl3) δ 6.48 (1H, d, 
J = 1.9 Hz), 6.30 (1H, d, J = 1.9 Hz), , 5.20 (2H, s), 5.16 (2H, s), 3.69-3.77 (4H, m), 3.76 (3H, s), 
2.71 (2H, t, J = 7.4 Hz), 1.68 (2H, sext, J = 7.4 Hz), 0.92-0.98 (7H, m), 0.01 (9H, s), 0.00 (9H, s); 13C 
NMR (100 MHz, CDCl3) δ 204.5, 159.7, 157.6, 155.4, 115.5, 95.9, 93.6, 93.0, 92.9, 66.38, 66.33, 
55.7, 46.9, 18.0, 17.9, 17.3, 13.7, -1.44, -1.48; LREIMS: m/z 470 (M+), 397, 369, 354, 339, 311(base), 
295, 103, 73; HREIMS: m/z 470.2519 [M]+ (470.2520 calcd. for C23H42O6Si2).
1-[4-Hydroxy-2-methoxy-6-[(2-trimethylsilylethoxy)methoxy]phenyl]butan-1-one (70) ??
?
???? 69 (40.0 mg, 0.085 mmol) ? HMPA (2.0 mL) ?????TBAF (1M solution in THF) 
(250 µL, 0.25 mmol) ????50 ˚C ?? 4 ????????????EtOAc????????
?EtOAc ? 3 ?????????????????????????????????
???????????????????????????????????????
hexane-EtOAc (9:1-4:1) ??????hexane-EtOAc (4:1) ???????????? GPC 
HPLC (Column: GS-310, Eluent: EtOAc, WL: 250 nm, flow rate: 5 mL/min) ????????70 
(6.6 mg, 0.019 mmol, 23%) ????70: Colorless oil; 1H NMR (400 MHz, CDCl3) δ 6.26 (1H, d, 
J = 2.0 Hz), 6.07 (1H, d, J = 2.0 Hz), 5.66 (1H, br.s), 5.13 (2H, s), 3.69-3.73 (2H, m), 3.71 (3H, s), 
2.71 (2H, t, J = 7.3 Hz), 1.69 (2H, sext, J = 7.3 Hz), 0.92-0.96 (5H, m), 0.00 (9H, s); 13C NMR (100 
MHz, CDCl3) δ 205.1, 158.23, 158.16, 155.8, 114.2, 95.0, 92.95, 92.94, 66.5, 55.7, 47.0, 18.0, 17.5, 
13.8, -1.47; LREIMS: m/z 340 (M+), 311, 282, 267, 239 (base), 210, 167, 73; HREIMS: m/z 
340.1714 [M]+ (340.1706 calcd. for C17H28O5Si).
1-[2-Methoxy-4-(3-methylbut-2-enyloxy)-6-[(2-trimethylsilylethoxy)methoxy]phenyl]
butan-1-one (71) ???
68
???? 70 (14.9 mg, 0.044 mmol) ? DMF (1.0 mL) ?????K2CO3 (18.1 mg, 0.13 mmol), 
??? 1-bromo-3-methyl-2-butene (58) (20 µL, 0.17 mmol) ???????? 3 ?????
?????????????????????? EtOAc ? 3 ????????????
???????????????????????????????????????
??????????????????????hexane-EtOAc (49:1-2:1) ???????hexane-
EtOAc (19:1-9:1) ????????? 71 (10.8 mg, 0.026 mmol, 60%) ????71: Colorless 
oil; 1H NMR (400 MHz, CDCl3) δ 6.36 (1H, d, J = 2.0 Hz), 6.15 (1H, d, J = 2.0 Hz), 5.46 (1H, m), 
5.16 (2H, s), 4.49 (2H, d, J = 6.9 Hz), 3.74 (3H, s), 3.70-3.73 (2H, m), 2.71 (2H, t, J = 7.4 Hz), 1.79 
(3H, d, J = 0.9 Hz), 1.75 (3H, d, J = 1.0 Hz), 1.67 (2H, sext, J = 7.4 Hz), 0.91-0.96 (5H, m), 0.00 
(9H, s); 13C NMR (100 MHz, CDCl3) δ 204.6, 161.1, 157.8, 155.7, 138.6, 119.2, 114.7, 93.9, 93.2, 
92.9, 66.4, 64.9, 55.7, 47.0, 25.8, 18.2, 18.0, 17.4, 13.8, -1.43; LREIMS: m/z 408 (M+), 378, 350, 335, 
307, 267, 239 (base), 223, 167, 73; HREIMS: m/z 408.2346 [M]+ (408.2332 calcd. for C22H36O5Si).
Pt-4 (22) ???
???? 71 (10.8 mg, 0.026 mmol) ? HMPA (1.0 mL) ?????TBAF (1 M solution in THF) 
(50 µL, 0.05 mmol) ???????? 4 ????????????EtOAc ????????
EtOAc ? 3 ??????????????????????????????????
??????????????????????????????????????
hexane-EtOAc (19:1-2:1) ??????hexane-EtOAc (19:1) ????????? Pt-4 (22) (3.3 
mg, 0.012 mmol, 45%) ????22: Colorless oil; LREIMS: m/z 278 (M+), 210, 167 (base), 69; 
HREIMS: m/z 278.1492 [M]+ (278.1518 calcd. for C16H22O4). 1H ??? 13C NMR ?????
????????????????? (Table 5). 
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? 2 ?? 5 ????
1-(3-Chloro-2,4,6-trihydroxyphenyl)butan-1-one (72) ???
???? 67 (106.3 mg, 0.54 mmol) ? CHCl3-EtOH (100:1) (5.0 mL) ??????0 ˚C ?? 
SO2Cl2 (70.0 mg , 0.52 mmol) ??? 30 ??????????????????????
???????????????CHCl3-MeOH (1:0-4:1) ??????CHCl3-MeOH (1:0-
9:1) ????????? 72 (119.2 mg, 0.51 mmol, 95%) ????72: Pale yellow amorphous 
solid; 1H NMR [400 MHz, CDCl3-CD3OD (9:1)] δ 6.03 (1H, s), 3.06 (2H, t,  J = 7.3 Hz), 1.71 (2H, 
sext, J = 7.3 Hz), 0.98 (3H, t, J = 7.3 Hz); 13C NMR (100 MHz, CDCl3-CD3OD (9:1)) δ 206.3, 
171,8, 161.5, 158.6, 104.7, 99.1, 95.1, 45.7, 17.9, 13.6; LREIMS: m/z 232 (M+2), 230 (M+), 189, 
187(base); HREIMS: m/z 230.0335 [M]+ (230.0246 calcd. for C10H1135ClO4).
1-[3-Chloro-2-hydroxy-4,6-bis[(2-trimethylsilylethoxy)methoxy]phenyl]butan-1-one (73)
???
???? 72 (80.3 mg, 0.35 mmol) ? CH2Cl2 (2.0 mL) ??????DIPEA (130 µL, 0.75 
mmol),   SEMCl (130 µL, 0.73 mmol) ???????? 30 ???????????????
??????????? EtOAc ? 3 ???????????????????????
???????????????????????????????????????
??????????hexane-EtOAc (99:1-49:1) ??????hexane-EtOAc (99:1) ????
????? 73 (91.0 mg, 0.19 mmol, 53%) ????73: Colorless oil; 1H NMR (400 MHz, 
CDCl3) δ 12.99 (1H, s), 6.59 (1H, s), 5.30 (2H, s), 5.20 (2H, s), 3.75-3.81 (4H, m), 3.14 (2H, t, J = 
7.3 Hz), 1.70 (2H, sext, J = 7.3 Hz), 0.92-0.98 (7H, m), 0.00 (18H, m); 13C NMR (100 MHz, CDCl3) 
δ 206.6, 163.2, 158.7, 155.7, 111.8, 108.5, 100.3, 99.0, 93.4, 68.9, 67.2, 45.2, 18.2, 17.98, 17.97, 13.8, 
-1.45, -1.50; LREIMS: m/z 490 (M+), 361, 359 (base), 333, 331, 103, 73; HREIMS: m/z 490.2012 
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[M]+ (490.2012 calcd. for C22H3935ClO6Si2).
(E)-1-[3-Chloro-6-(3,7-dimethylocta-2,6-dienyloxy)-2-hydroxy-4-[(2-trimethylsilyl 
ethoxy)methoxy]phenyl]butan-1-one (74) ??? Pt-5 (23) ???
???? 73 (70.3 mg, 0.14 mmol) ? DMF (1.0 mL) ?????K2CO3 (39.8 mg , 0.29 mmol),   
geranyl bromide (60) (30 µL, 0.14 mmol) ???????? 1.5 ?????????????
?????????????? EtOAc ? 3 ????????????????????
???????????????????????????????????????
?????????????hexane-EtOAc (99:1-4:1) ??????hexane-EtOAc (99:1) ?
???????? 74 (17.5 mg, 0.035 mmol, 25%) ???????hexane-EtOAc (49:1-9:1) ?
?????????? GPC HPLC (Column: GS-310, Eluent: CHCl3, WL: 250 nm, flow rate: 5 
mL/min) ????????Pt-5 (23) (10.1 mg, 0.028 mmol, 19%) ????74: Colorless oil; 1H 
NMR (400 MHz, CDCl3) δ 14.51 (1H, s), 6.33 (1H, s), 5.48 (1H, m), 5.33 (2H, s), 5.07 (1H, m), 
4.58 (2H, d, J = 6.8 Hz), 3.78-3.82 (2H, m), 2.98 (2H, t, J = 7.5 Hz), 2.07-2.15 (2H, m), 1.75 (3H, 
br,s), 1.62-1.70 (5H, m), 1.59 (3H, br.s),  0.93-0.97 (5H, m), 0.00 (9H, s); 13C NMR (100 MHz, 
CDCl3) δ 206.5, 161.8, 160.5, 158.9, 142.7, 132.0, 123.5, 118.0, 107.0,  103.5, 93.2, 90.7, 67.1, 65.8, 
64.9, 46.6, 39.5, 26.3, 25.6, 18.3, 18.1, 17.7, 16.7, 13.9, -1.41; LREIMS: m/z 498 (M+2), 496 (M+), 
362, 360. 304, 302 (base), 261, 259, 137, 81, 73, 69; HREIMS: m/z 496.2397 [M]+ (496.2412 calcd. 
for C26H4135ClO5Si)?23: Colorless amorphous solid;  LREIMS: m/z 368 (M+2), 366 (M+), 232, 
230. 189, 187, 137, 93, 81, 69 (base); HREIMS: m/z 366.1581 [M]+ (366.1598 calcd. for 
C20H2735ClO4)?1H ??? 13C NMR ??????????????????????
(Table 6). 
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74 Pt-5 (23)
Pt-5 (23) ??? (74 ??)
???? 74 (10.0 mg, 20 µmol) ? HMPA (1.0 mL) ?????TBAF (1M solution in THF) (30 
µL, 30 µmol) ??? 50 ˚C ?? 4???????????? EtOAc ????????EtOAc 
? 3 ?????????????????????????????????????
???????????????????????????????????hexane-
EtOAc (19:1-9:1) ??????hexane-EtOAc (19:1) ????????????74 (1.8 mg, 3.6 
µmol, 18%) ???????hexane-EtOAc (19:1-9:1) ?????????Pt-5 (23) (4.0 mg, 11 
µmol, 54%) ????????????????????? 
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? 2 ?? 6 ????
?????????????????????????????????????????
?????
K562, HeLa, 3T3-L1 ?????????????????
1. ?????
?K562 ??????  RPMI1640 medium ? FCS ? 10% (v/v)?penicillin ? 25 mg/mL, 
streptomycin ? 50 mg/mL ??????????????HeLa ???????3T3-L1 ???
??? DMEM-HG (4.5 g/L glucose) ? , FCS ? 10% (v/v)?penicillin ? 75 µg/mL??streptomycin 
? 50 µg/mL ??????????????
2. ?????
?K562?????????12 well plate ?? well ????????? (DMSO) ??????
?? 1 mL ?????????? 2 ? 104 cells/well, ??????????(blank ?????
?????????)?72 ??????Alamar Blue (cell number indicator) ?? well ? 50 µL 
??????37 ˚C ? 1-2 ???????
?HeLa ?????? 3T3-L1 ???????? 12 well plate ?? well ??????????
(DMSO)????????? 1 mL ??????????? 2 ? 104 cells/well, ???????
???(blank ??????????????)?72 ???????????????Alamar 
Blue (cell number indicator) ??5% (v/v)? ?????? well ? 1 mL ??????37 ˚ C ? 1-2 
???????
3. ???????
???????????? 200 µL ?? 96 well plate ?????MICRO PLATEREADER 
MODEL 550 (BIO-RAD) ???? 570 nm ??? 595 nm ???????????? (595 
nm ?????????????)?
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4. ?????
?? well ? 570 nm ????????? 595 nm ???????????????????
???????? DMSO ??????? control ? 100% ?????????????
???? blank ? 0% ?????????? ± S.E ?????? 
3T3-L1 ????????????????
1. ?????
???? DMEM-HG (4.5 g/L glucose) ? FCS ? 10% (v/v)?penicillin ? 75 µg/mL, 
streptomycin ? 50 µg/mL ??????????????(???DMEM-HG ?????)??
??DMEM-MG (2.0 g/L glucose) ??FCS ? 10% (v/v)?penicillin ? 75 µg/mL, streptomycin ? 
50 µg/mL, Hepes-NaOH ? 10 mM,   pH 7.4 ????????????? (?? DMEM-MG 
?????)?
2. ?????
?12 well plate ?? well ? DMEM-HG ? 1 mL ???3T3-L1 ???????2 ??????
???????????? well ????????????? 5-6 ???????????
DMEM-MG ??? 1 ????????????? 2-3????????12 well plate ?? 
well ????????? (DMSO) ??????DMEM-MG ? 1 mL ??????4????
????
3. glucose ?????
???????????????????? blood glucose test meter ? censor chip (Sanwa 
Chemical Institute) ?????????
4. ?????
?DMEM-MG???????????? (2.0 g/L) ??????DMSO ?????????
74
???glucose????????? 1 ?????????????????glucose ?????
?? ± S.E ?????? 
?
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? 3 ???1?????
4,6-Dichloro-2-(1-hydroxyhexyl)-5-methoxybenzene-1,3-diol (33) ???
?DIF-1 (3)13 (49.7 mg, 0.162 mmol) ? MeOH (2.0 mL) ?????0 ˚C ??? sodium 
borohydride?(6.2 mg, 0.164 mmol) ??? 30 ?????????? 0.5 M ????????
????EtOAc ? 3 ??????????????????????????????
???????????????????????????????????????
????hexane-EtOAc (9:1-1:1) ????????hexane-EtOAc (4:1-1:1) ????????
? 33 (34.7 mg, 0.112 mmol, 69%) ????33: Colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.35 
(2H, br.s), 5.30 (1H, m), 3.88 (3H, s), 2.98 (1H, br.s), 1.82-1.91 (1H, m), 1.69-1.77 (1H, m), 1.46-
1.54 (1H, m), 1.24-1.39 (5H, m), 0.88 (3H, t, J = 6.9 Hz); 13C NMR (100 MHz, CDCl3) δ 151.7, 
149.4 (2C), 112.2, 107.6 (2C), 70.6, 60.8, 36.2, 31.5, 25.1, 22.5, 14.0; LREIMS: m/z 312 (M+4), 310 
(M+2), 308 (M+), 294, 292, 290, 251, 249, 247 (base), 241, 239, 237, 225, 223, 221, 208; HREIMS: 
m/z 308.0580 [M]+ (308.0582 calcd. for C13H1835Cl2O4).
2,6-Bis(benzyloxy)-4-methoxybenzaldehyde (79) ???
?2,4,6-Trihydroxybenzaldehyde (77) (1.93 g, 10.2 mmol) ??acetone-H2O (1:1) (100 mL) ???
???K2CO3 (7.11 g, 51.4 mmol) ??? dimethyl sulfate?(1.00 mL, 10.6 mmol) ??????
?? 1.5 ???????????????????????(50 mL) ????3 M ????
??????EtOAc ? 3 ????????????????????????????
???????????????????????????????????????
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79 79'
??hexane-EtOAc (9:1-2:1) ??????hexane-EtOAc (17:3) ??????????? 
DMF (20 mL) ?????K2CO3 (2.31 g, 16.7 mmol) ??? benzyl bromide (1.40 mL, 11.8 
mmol) ???????? 4 ??????????? 3 M ????????????EtOAc 
? 3 ?????????????????????????????????????
????????????????????????????????????hexane-
EtOAc (9:1-2:1) ????????hexane-EtOAc (9:1) ??????? 79 (830 mg, 2.38 mmol, 
23% for 2 steps), hexane-EtOAc (4:1-2:1) ??????? 79' (773 mg, 2.38 mmol, 22% for 2 
steps)????
?79: Colorless amorphous solid; 1H NMR (400 MHz, CDCl3) δ 10.50 (1H, s), 7.28-7.47 (10H, m), 
6.12 (2H, s), 5.13 (4H, s), 3.76 (3H, s); 13C NMR (100 MHz, CDCl3) δ 187.3, 165.8, 162.9 (2C), 
136.1 (2C), 128.5 (4C), 127.9 (2C), 126.8 (4C), 109.6, 92.1 (2C), 70.5 (2C), 55.4; LREIMS: m/z 348 
(M+), 257, 240, 91 (base); HREIMS: m/z 348.1346 [M]+ (348.1362 calcd. for C22H20O4).
?79': Colorless amorphous solid; 1H NMR (400 MHz, CDCl3) δ 10.44 (1H, s), 7.30-7.43 (10H, m), 
6.21 (1H, d, J = 2.0 Hz), 6.16 (1H, d, J = 2.0 Hz), 5.11 (2H, s), 5.07 (2H, s), 3.84 (3H, s); 13C NMR 
(100 MHz, CDCl3) δ 187.5, 165.1, 163.5, 163.3, 136.0,  135.7, 128.7 (2C), 128.6 (2C), 128.3, 128.0, 
127.5 (2C), 126.9 (2C), 109.3, 92.4, 91.6, 70.6, 70.3, 55.9; LREIMS: m/z 348 (M+), 319, 257, 91 
(base); HREIMS: m/z 348.1354 [M]+ (348.1362 calcd. for C22H20O4).
2,6-Bis(benzyloxy)-4-methoxybenzoic acid (80) ???
???? 79 (707 mg, 2.03 mmol) ? t-BuOH-H2O (3:1) (20 mL) ?????NaH2PO4?2H2O 
(479.6 mg, 3.07 mmol), 2-methyl-2-butene (1.75 mL, 16.5 mmol) ??? NaClO2 (1.27 g, 11.2 
mmol) ???????????3 ?????????????????????????
????EtOAc ? 3 ????????????? 3?M ????????ErOAc ? 3 ???
??????????????????????????????????CHCl3-
MeOH (1:0-19:1) ??????CHCl3 ????????? 80 (620 mg, 1.70 mmol, 84%) ??
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??80: Colorless amorphous solid; 1H NMR (400 MHz, CDCl3) δ 7.23-7.46 (10H, m), 6.15 (2H, 
s), 5.10 (4H, s), 3.70 (3H, s); 13C NMR (100 MHz, CDCl3) δ 168.0, 163.0, 159.0 (2C), 136.1 (2C), 
128.5 (4C), 127.9 (2C), 127.0 (4C), 105.1, 93.0 (2C), 70.9 (2C), 55.3; LREIMS: m/z 364 (M+), 320,
257, 240, 229, 181, 91 (base); HREIMS: m/z 364.1305 [M]+ (364.1311 calcd. for C22H20O5).
Butyl 2,6-bis(benzyloxy)-4-methoxybenzoate (81a) ???
???? 80 (100 mg, 0.27 mmol) ? CH2Cl2 (2.0 mL) ?????nBuOH (100 µL, 1.09 mmol), 
DIPEA (150 µL, 0.86 mmol) ??? HATU (126 mg, 0.331 mmol) ???????? 1 ???
?????????????EtOAc ? 3 ??????????????????????
???????????????????????????????????????
????????????hexane-EtOAc (19:1-2:1) ??????hexane-EtOAc (19:1-9:1) ?
???????? 81a (46.7 mg, 0.11 mmol, 40%) ????81a: Colorless amorphous solid; 1H 
NMR (400 MHz, CDCl3) δ 7.26-7.40 (10H, m), 6.13 (2H, s), 5.07 (4H, s), 4.27 (2H, t, J = 6.8 Hz), 
3.71 (3H, s), 1.57-1.65 (2H, m), 1.32 (2H, sext, J = 7.5 Hz), 0.83 (3H, t, J = 7.5 Hz); 13C NMR (100 
MHz, CDCl3) δ 166.4, 162.1, 157.5 (2C), 136.6 (2C), 128.4 (4C), 127.8 (2C), 127.0 (4C), 107.7, 
92.5 (2C), 70.5 (2C), 64.9, 55.3, 30.7, 19.0, 13.6; LREIMS: m/z 420 (M+), 347, 329, 163, 91 (base); 
HREIMS: m/z 420.1935 [M]+ (420.1937 calcd. for C26H28O5).
????81b~g ????????????????????????80  ?  pentanol,  
butylamine, pentylamine, heptylamine, octylamine ??????????81b~g ???????
38%, 90%, 66%, 55%, 58%, 52% ????
Pentyl 2,6-bis(benzyloxy)-4-methoxybenzoate (81b): Colorless amorphous solid; 1H NMR (400 
MHz, CDCl3) δ 7.26-7.40 (10H, m), 6.13 (2H, s), 5.07 (4H, s), 4.26 (2H, t, J = 6.8 Hz), 3.71 (3H, s), 
1.60-1.67 (2H, m), 1.25-1.32 (4H, m), 0.82 (3H, t, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3) δ 
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166.4, 162.1, 157.5 (2C), 136.6 (2C), 128.4 (4C), 127.8 (2C), 127.0 (4C), 107.7, 92.5 (2C), 70.5 
(2C), 65.2, 55.3, 28.3, 28.0, 22.2, 13.9; LREIMS: m/z 434 (M+), 347, 343, 181, 177, 91 (base); 
HREIMS: m/z 434.2082 [M]+ (434.2093 calcd. for C27H30O5).
2,6-Bis(benzyloxy)-N-butyl-4-methoxybenzamide (81c): Pale yellow amorphous solid; 1H NMR 
(400 MHz, CDCl3) δ 7.26-7.43 (10H, m), 6.15 (2H, s), 5.73 (1H, br.t, J = 5.8 Hz), 5.07 (4H, s), 3.71 
(3H, s), 3.37 (2H, dt, J = 5.8, 7.5 Hz), 1.38-1.46 (2H, m), 1.22-1.31 (2H, m), 0.81 (3H, t, J = 7.4 Hz); 
13C NMR (100 MHz, CDCl3) δ 165.3, 161.7, 157.5 (2C), 136.7 (2C), 128.4 (4C), 127.8 (2C), 127.1 
(4C), 110.7, 92.9 (2C), 70.7 (2C), 55.3, 39.5, 31.6, 20.0, 13.7; LREIMS: m/z 419 (M+), 402, 328, 312, 
257, 255, 162, 91 (base); HREIMS: m/z 419.2080 [M]+ (419.2097 calcd. for C26H29NO4).
2,6-Bis(benzyloxy)-4-methoxy-N-pentylbenzamide (81d): Pale yellow amorphous solid; 1H NMR 
(400 MHz, CDCl3) δ 7.25-7.41 (10H, m), 6.13 (2H, s), 5.76 (1H, br.t, J = 5.7 Hz), 5.05 (4H, s), 3.70 
(3H, s), 3.36 (2H, dt, J = 5.7, 7.5 Hz), 1.40-1.47 (2H, m), 1.21-1.27 (4H, m), 0.81 (3H, t, J = 7.2 Hz); 
13C NMR (100 MHz, CDCl3) δ 165.3, 161.6, 157.4 (2C), 136.6 (2C), 128.4 (4C), 127.7 (2C), 127.0 
(4C), 110.7, 92.8 (2C), 70.6 (2C), 55.3, 39.8, 29.1, 28.9, 22.2, 13.9; LREIMS: m/z 433 (M+), 416, 
342, 312, 257, 255, 176, 91 (base); HREIMS: m/z 433.2249 [M]+ (433.2253 calcd. for C27H31NO4).
2,6-Bis(benzyloxy)-N-hexyl-4-methoxybenzamide (81e): Pale yellow amorphous solid; 1H NMR 
(400 MHz, CDCl3) δ 7.25-7.40 (10H, m), 6.13 (2H, s), 5.77 (1H, br.t, J = 5.7 Hz), 5.05 (4H, s), 3.70 
(3H, s), 3.35 (2H, dt, J = 5.7, 7.2 Hz), 1.43 (2H, quint, J = 7.2 Hz), 1.16-1.28 (2H, m), 0.84 (3H, t, J = 
6.8 Hz); 13C NMR (100 MHz, CDCl3) δ 165.3, 161.6, 157.4 (2C), 136.6 (2C), 128.4 (4C), 127.7 
(2C), 127.0 (4C), 110.7, 92.8 (2C), 70.6 (2C), 55.3, 39.8, 31.4, 29.4, 26.5, 22.4, 13.9; LREIMS: m/z 
447 (M+), 430, 356, 340, 257, 255, 190, 91 (base); HREIMS: m/z 447.2408 [M]+ (447.2410 calcd. for 
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C28H33NO4).
2,6-Bis(benzyloxy)-N-heptyl-4-methoxybenzamide (81f): Pale yellow amorphous solid; 1H NMR 
(400 MHz, CDCl3) δ 7.25-7.41 (10H, m), 6.14 (2H, s), 5.75 (1H, br.t, J = 5.7 Hz), 5.06 (4H, s), 3.71 
(3H, s), 3.36 (2H, dt, J = 5.7, 7.0 Hz), 1.43 (2H, quint, J = 7.4 Hz), 1.14-1.28 (8H, m), 0.86 (3H, t, J = 
7.2 Hz); 13C NMR (100 MHz, CDCl3) δ 165.3, 161.6, 157.5 (2C), 136.7 (2C), 128.4 (4C), 127.7 
(2C), 127.0 (4C), 110.7, 92.8 (2C), 70.6 (2C), 55.3, 39.8, 31.6, 29.5, 28.9, 26.8, 22.5, 14.0; LREIMS: 
m/z 461 (M+), 444, 370, 354, 257, 255, 204, 91 (base); HREIMS: m/z 461.2559 [M]+ (461.2566 
calcd. for C29H35NO4).
2,6-Bis(benzyloxy)-4-methoxy-N-octylbenzamide (81g): Pale yellow amorphous solid; 1H NMR 
(400 MHz, CDCl3) δ 7.25-7.41 (10H, m), 6.14 (2H, s), 5.75 (1H, br.t, J = 6.0 Hz), 5.06 (4H, s), 3.71 
(3H, s), 3.36 (2H, dt, J = 6.0, 7.2 Hz), 1.43 (2H, quint, J = 7.4 Hz), 1.19-1.29 (10H, m), 0.87 (3H, t, J 
= 7.0 Hz); 13C NMR (100 MHz, CDCl3) δ 165.3, 161.6, 157.5 (2C), 136.7 (2C), 128.4 (4C), 127.7 
(2C), 127.0 (4C), 110.7, 92.9 (2C), 70.6 (2C), 55.3, 39.8, 31.8, 29.5, 29.2, 29.1, 26.8, 22.6, 14.0; 
LREIMS: m/z 475 (M+), 458, 384, 368, 257, 255, 218, 91 (base); HREIMS: m/z 475.2711 [M]+ 
(475.2723 calcd. for C30H37NO4).
Butyl 3,5-dichloro-2,6-dihydroxy-4-methoxybenzoate (34) ???
???? 81a (46.7 mg, 0.11 mmol) ? MeOH (3.0 mL) ?????20% Pd(OH)2 on carbon 
(15.0 mg) ????????????? 1 ?????????????????????
??? CHCl3-EtOH (100:1) (2.0 mL)??????0 ˚C ???? SO2Cl2 (26.4 mg, 0.196 
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mmol) ????1 ???????????????????????????????
???????hexane-EtOAc (19:1) ??????hexane-EtOAc (19:1) ????????? 
34 (24.1 mg, 0.078 mmol, 70% for 2 steps) ????34: Colorless amorphous solid; 1H NMR (400 
MHz, CDCl3) δ 10.39 (2H, br.s), 4.56 (2H, t, J = 6.7 Hz), 3.97 (3H, s), 1.84 (2H, tt, J = 6.7, 7.5 Hz), 
1.49 (2H, sext, J = 7.5 Hz), 1.00 (3H, t, J = 7.5 Hz); 13C NMR (100 MHz, CDCl3) δ 168.9, 159.2, 
156.0 (2C), 108.1, 97.8 (2C), 67.5, 60.9, 30.3, 19.1, 13.5; LREIMS: m/z 312 (M+4), 310 (M+2), 308 
(M+), 254, 252, 238, 236, 234 (base); HREIMS: m/z 308, 0193 [M]+ (308.0218 calcd. for 
C12H1435Cl2O5).
??? 34~40 ???????????????????????? 81b~g ??????
?????????? 34~40 ??????? 75%, 31%, 23%, 56%, 20%, 28% ????
Pentyl 3,5-dichloro-2,6-dihydroxy-4-methoxybenzoate (35): Colorless amorphous solid; 1H NMR 
(400 MHz, CDCl3) δ 10.39 (2H, br.s), 4.55 (2H, t, J = 6.8 Hz), 3.97 (3H, s), 1.85 (2H, quint, J = 6.8 
Hz), 1.39-1.45 (4H, m), 0.94 (3H, t, J = 7.1 Hz); 13C NMR (100 MHz, CDCl3) δ 168.9, 159.2, 156.0 
(2C), 108.1, 97.8 (2C), 67.8, 60.9, 28.1, 27.9, 22.2, 13.8; LREIMS: m/z 326 (M+4), 324 (M+2), 322 
(M+), 254, 252, 238, 236, 234 (base); HREIMS: m/z 322.0361 [M]+ (322.0375 calcd. for 
C13H1635Cl2O5).
N-Butyl-3,5-dichloro-2,6-dihydroxy-4-methoxybenzamide (36): Pale yellow amorphous solid; 1H 
NMR (400 MHz, CDCl3) δ 10.88 (2H, br.s), 8.19 (1H, br.s), 3.94 (3H, s), 3.45 (2H, dt, J = 5.6, 7.2 
Hz), 1.61 (2H, quint, J = 7.2 Hz), 1.41 (2H, sext, J = 7.2 Hz), 0.96 (3H, t, J = 7.2 Hz); 13C NMR (100 
MHz, CDCl3) δ 168.6, 155.6, 154.4 (2C), 107.6, 100.5 (2C), 60.9, 39.4, 31.1, 20.1, 13.7; LREIMS: 
m/z 311 (M+4), 309 (M+2), 307 (M+), 238, 236, 234 (base), 74; HREIMS: m/z 307.03556 [M]+ 
(307.0378 calcd. for C12H1535Cl2NO4).
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3,5-Dichloro-2,6-dihydroxy-4-methoxy-N-pentylbenzamide (37): Colorless amorphous solid; 1H 
NMR (400 MHz, CD3OD) δ 3.85 (3H, s), 3.38 (2H, t, J = 7.0 Hz), 1.61 (2H, quint, J = 7.0 Hz), 
1.38-1.42 (4H, m), 0.94 (3H, t, J = 7.2 Hz); 13C NMR (100 MHz, CD3OD) δ 171.8, 159.3, 157.1 
(2C), 107.5, 60.9, 39.4, 31.1, 20.1, 13.7; LREIMS: m/z 325 (M+4), 323 (M+2), 321 (M+), 238, 236, 
234 (base), 149, 88; HREIMS: m/z 321.0514 [M]+ (321.0435 calcd. for C13H1735Cl2NO4).
3,5-Dichloro-N-hexyl-2,6-dihydroxy-4-methoxybenzamide (38): Pale yellow amorphous solid; 1H 
NMR (400 MHz, CDCl3) δ 10.86 (2H, br.s), 8.18 (1H, br.s), 3.95 (3H, s), 3.44 (2H, dt, J = 5.6, 7.2 
Hz), 1.62 (2H, quint, J = 7.2 Hz), 1.30-1.42 (6H, m), 0.90 (3H, t, J = 7.0 Hz); 13C NMR (100 MHz, 
CDCl3) δ 168.6, 155.6, 154.4 (2C), 107.6, 100.5 (2C), 60.9, 39.7, 31.4, 29.1, 26.6, 22.5, 14.0; 
LREIMS: m/z 339 (M+4), 337 (M+2), 335 (M+), 301, 265, 238, 236, 234 (base), 201, 200, 149, 102; 
HREIMS: m/z 335.0689 [M]+ (335.0691 calcd. for C14H1935Cl2NO4).
3,5-Dichloro-N-heptyl- 2,6-dihydroxy-4-methoxybenzamide (39): Pale yellow amorphous solid; 1H 
NMR (400 MHz, CDCl3) δ 8.15 (1H, br.s), 3.95 (3H, s), 3.44 (2H, dt, J = 5.7, 7.0 Hz), 1.62 (2H, 
quint, J = 7.0 Hz), 1.26-1.36 (8H, m), 0.89 (3H, t, J = 7.0 Hz); 13C NMR (100 MHz, CDCl3) δ 168.6, 
155.6, 154.5 (2C), 107.6, 100.5 (2C), 60.9, 39.7, 31.7, 29.1, 28.9, 26.9, 22.5, 14.0; LREIMS: m/z 353 
(M+4), 351 (M+2), 349 (M+) (base), 315, 265, 238, 236, 234, 201, 200, 149, 116; HREIMS: m/z 
349.0835 [M]+ (349.0848 calcd. for C15H2135Cl2NO4).
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3,5-Dichloro-2,6-dihydroxy-4-methoxy-N-octylbenzamide (40): Colorless amorphous solid; 1H 
NMR (400 MHz, CDCl3) δ 8.15 (1H, br.s), 3.95 (3H, s), 3.44 (2H, dt, J = 5.7, 7.2 Hz), 1.61 (2H, 
quint, J = 7.2 Hz), 1.26-1.39 (10H, m), 0.88 (3H, t, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3) δ 
168.6, 155.6, 154.4 (2C), 107.6, 100.5 (2C), 60.9, 39.8, 31.8, 29.17, 29.16, 29.13, 27.0, 22.6, 14.0; 
LREIMS: m/z 367 (M+4), 365 (M+2), 363 (M+) (base), 329, 265, 238, 236, 234, 201, 200, 130; 
HREIMS: m/z 363.0991 [M]+ (363.1004 calcd. for C16H2335Cl2NO4).
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? 3 ?? 2 ????
?????????????????????????????????????????
?????
?K562, 3T3-L1 ???????????????????? 3T3-L1 ?????????
????????????? 2 ?? 6 ????????????
HM44 ???????????????????????
1. ?????
?????? modified SM medium [D-(+)-glucose 0.75%, Bactopepton 1.0%, yeast extract 0.1%, 
KH2PO4 0.44%, Na2HPO4?12H2O 0.2%, MgSO4?7H2O 0.1%] ????????????
?????? salt solution (cAMP 5mM, NaCl 2 mM, KCl 10 mM, CaCl2 1 mM, penicillin 50 
µg/mL, streptomycin sulfate 100 µg/mL, MES-KOH 10 mM, pH 6.2) ?????
2. ????????
??? Klebsiella aerogenes ????HM44 ??????????
3. ?????????
?12 well plates ?? well ???????? (DMSO) ??? 0.5 mL ? salt solution ????
????2?105 cells/well ??HM44 ???????2??????????????????
????????????? (???????????????????????????
???????????????????).
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